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1 Introduction
1.1 Overview of project

This project joins the XR community with the educational community by providing tools that can allow
educators to easily create educational context for XR applications. The overall objective of the XR4ED
project is to design, create and maintain a sustainable on-demand educational platform, mobilising the
EdTech and XR community from the EU, providing a central access point to existing solutions and
contributing to a leading position for Europe in cutting-edge while ensuring the European values of privacy,
ethics, and inclusiveness. Since the final users of this framework will be both educators and students, we
must ensure that ethics are taken into account through the entire development cycle of the project. As
stated in the proposal, all research activities involving persons will comply with national and international
ethics requirements and regulations. User studies will be conducted by guaranteeing the respect for the
rights, autonomy, dignity and safety of persons. The activities will be selected and designed according to
their scientific value, social responsibility, and maximising benefit and minimising harm. We will only
collect the data that is strictly needed for our research purposes. Whenever possible, data will be
anonymized as early as possible, so that it can be shared according to the FAIR principles. Concerning
personal data acquisition, use, and sharing for the purpose of teaching in XR, we acknowledge this is a
sensitive topic that deserves careful attention. All personal collected data will be subject to the Organic
Law 3/2018, of December 5, on the Protection of Personal Data and Guarantee of Digital Rights and
General Data Protection Regulation. Informed consents will be asked for all research activities involving
user studies and personal data collection (please refer to deliverable D2.1 for the full description of the
XR4ED Data protection plan).

Due to the participation of Humans and minors to the Mini-Pilots, as well as the disruptive nature of the
XR technology, significant attention must be put on addressing ethics and data protection requirements
to ensure compliance with GDPR. In this document we provide ethical guidelines for the piloting phase. As
stated in the GDPR-Article 8, paragraph 1, any minor under the age of 16 will be considered unable to
consent to their participation in the pilot and a parent or legal guardian will be asked to offer their written
consent on the minor’s behalf. This will not be the case for countries who have lowered the age of consent
to date processing such as Austria. To ensure the legitimation of the parent of legal guardian’s consent,
the minor will have to procure:

* the provision of the parent or legal guardian’s passport or ID copy via email.
* the provision of a consent or authorization letter signed by the parent or legal guardian via email.

XR4ED complies with the IEEE Global Initiative on Ethics of XR and produces ethical standards of practice
in educational teaching, learning, and research by protecting human subjects from harm. It also ensures
that the practice of fully informed consent is followed by the users and ensures that ethics requirements
adhere to the ethical national legislations and directives for the utilisation of XR in educational levels. User
disabilities must be taken into consideration and an External Ethics Advisory Board will be established at
each educational level for policy reform, with specific roles and responsibilities. This deliverable serves as
a means to create an ecosystem of trust which complaints with existing EU rules to protect fundamental
rights and consumers’ demand together with legal and security aspects.
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1.2  Purpose of the document

The purpose of this document is to present the ethics requirements for all pilots, which involve user
studies, in order to create an ecosystem of trust needed for the XR4ED project. As an integral part of Work
Package 2, this deliverable stems from Task 2.3, which is focused on gathering ethics guidelines for the
preparation of user studies.

This document will outline best practices, approaches, and methods that contribute to building an
ecosystem of trust following international standards. The guidelines should guarantee the respect of all
users focusing on the inclusion of users with various types of disabilities, such as, cognitive, neurological,
physical, speech, and visual impairments.

Besides listing the current regulation on ethics for user studies involving VR, and also covering the
educational sector. This document provides guidelines to prepare the informed sheets and consent forms
for user studies. It also includes a full ethics document as an example of a user study developed by UPC
to evaluate several interaction techniques for immersive VR with self-avatars. The purpose of such study
was to improve the user experience, and performance to facilitate the learning process in XR.

The expertise and experience of all consortium members have informed this document, contributing to
the development of robust, inclusive, and accessible ethics guidelines for the XR4ED project.

1.3 What constitutes this deliverable

This deliverable consists of three distinct components

In Chapter 2 we generally described about ethical topics related to using XR for education.
Chapter 3 provides guidelines to run user studies.

Chapter 4 included a full example of VR user study performed at UPC.

Chapter 5 is the conclusion of this deliverable.

Funded by
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2 Related ethics topics in XR for Education
2.1 Ethics in teaching

Since the XR4ED platform will be dedicated to teaching, we must ensure that the ethics guidelines for
teaching are taken into account during the design and implementation of the platform. When it comes to
education, the teaching staff must show commitment to the students’ learning process’. This means
providing the students with rigorous, up-to-date knowledge, addressing their concerns and answering their
questions while motivating and guiding them to achieve their academic goals. If we incorporate this into
the XR4ED platform, it means that we should provide a flexible marketplace, easy to keep up to date with
the latest information and classes developed by the teachers. It also means that the platform should be
able to engage the students and keep their motivation high, by offering the right level of complexity for the
students’ knowledge and age (too easy or too challenging would decrease the student motivation and lead
to loss of interest). The marketplace entries should be aware of and be aligned with existing guidelines
regarding ethics, proposed by national and European legislators, especially when it comes to the use of
Al23,

For effective education, students should demonstrate a willingness to participate in all training activities,
facilitate the work of academic staff and actively participate in teacher evaluation processes. They should
also make a concerted individual effort in all activities, act with honesty and integrity in assessment tasks
and promote these attitudes among their fellow students. Thus, the XR4ED platform should provide
teachers with the tools to evaluate the students’ progress and send them feedback to improve their
learning experience.

Teachers, as well as students, should keep in mind that education should not be limited to transmitting
and acquiring knowledge, skills and competencies; but also integrate the values set out in this code of
ethics.

Users of the XR4ED platform must report any breaches of the Code of Ethics that they observe to the
competent bodies. The platform must ensure that anyone who reports a breach is protected so that taking
this action does not lead to any negative consequences for them. The XR4ED platform must establish a
communication channel so that any individual can report any irregularities, inappropriate conduct or non-
compliance with regulations that they observe, and so that reports can be directed to the appropriate
authority.

Both students and teachers must perform their specific duties with respect and tolerance towards all
people. They must take special care to treat other members of the XR4ED community with courtesy. We
will follow the ethical principles provided by ETINED Council of Europe Platform on Ethics, Transparency
and Integrity in Education®.

T https://comite-etica.upc.edu/ca/documentacio/guia-i-codis/codi-etic-upc/codi-etic-ce-upc-eng.pdf
2https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-
for-educators

3 https://op.europa.eu/s/zgV8

4 https://rm.coe.int/CoERMPublicCommonSearchServices/DisplayDCTMContent?documentld=09000016806c90cd

Funded by

the European Union 12



https://comite-etica.upc.edu/ca/documentacio/guia-i-codis/codi-etic-upc/codi-etic-ce-upc-eng.pdf
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://education.ec.europa.eu/news/ethical-guidelines-on-the-use-of-artificial-intelligence-and-data-in-teaching-and-learning-for-educators
https://op.europa.eu/s/zgV8
https://rm.coe.int/CoERMPublicCommonSearchServices/DisplayDCTMContent?documentId=09000016806c90cd

Horizon Innovation Action

\x_':”_l XRED

2.2 Privacy
2.2.1 Legislation on data protection (EU GDPR)

The enactment of the European Union's General Data Protection Regulation (GDPR) on May 25, 2018,
represents a pivotal shift in the legal framework governing data protection, superseding the prior EU Data
Protection Directive. The GDPR aims to augment the safeguarding of individual rights and freedoms,
particularly in the context of personal data, against the backdrop of rapid technological advancements and
in pursuit of facilitating a digital single market within the EU. This regulation introduces stringent and
comprehensive data handling and processing obligations, marking a significant departure from its
predecessor. Here's an overview of the key aspects mentioned, specifically in relation to XR educational
products:

e Data Protection Impact Assessments (DPIAs)

Article 35 of the GDPR mandates the implementation of Data Protection Impact Assessments (DPIAs) by
entities processing personal data, particularly when such processing is deemed to pose a high risk to
individual rights and freedoms. DPIAs are systematic procedures designed to evaluate and mitigate risks
associated with data processing activities. This requirement is especially pertinent to the deployment of
new technologies, such as Extended Reality (XR), within educational frameworks. DPIAs facilitate the
proactive identification and rectification of privacy impacts, ensuring the preservation of privacy rights
throughout the data lifecycle.

e Data Protection by Design and by Default (DPbD)

Article 25 introduces the principle of Data Protection by Design and by Default (DPbD), obligating the
integration of data protection measures into the development and operational phases of IT systems,
networked infrastructure, and applications from their inception. This principle ensures that personal data
is processed with maximal privacy settings by default and restricts processing to data that is essential for
the intended purpose. For XR educational products, this necessitates incorporating privacy considerations
into the design phase, including the implementation of technical and organisational measures such as
encryption, pseudonymization, and user consent mechanisms.

The EU GDPR and its articles delineates provisions regarding the processing of Personal Data, which,
according to the regulation, encompasses any information pertaining to an identified or identifiable 'data
subject." Consequently, the scope of what constitutes personal data within the EU is notably broad. In
contrast, the regulatory framework in the United States permits the processing of personal information,
governed by a composite array of legislations that categorise specific data types as personal information
(such as the combination of an individual's name with their Social Security Number). This includes an
assortment of sector-specific laws and regulations, for example, the Family Educational Rights and Privacy
Act (FERPA), the Health Insurance Portability and Accountability Act (HIPAA), and various state-level data
breach notification laws. Conversely, in the EU and several other jurisdictions worldwide, the processing
of personal data is typically subject to stringent restrictions unless it adheres to predefined criteria.

2.3 Accessibility

Integrating accessibility into Extended Reality (XR) technologies is not only a matter of usability and legal
compliance but also deeply entwined with the ethics of XR development. We can use the
Augmented Reality Learning Analytics Ethical Framework (ARLEAN) ethical framework as a
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reference [1]. At the heart of ethical XR development is the principle of equal access. This principle
asserts that everyone, regardless of their physical or cognitive abilities, should have the opportunity
to benefit from XR technologies. Accessibility ensures that individuals with disabilities are not
excluded from experiences that have the potential to educate, entertain, and enhance quality of
life. By prioritising accessibility, developers adhere to a fundamental ethical commitment to
inclusivity. For more details regarding alignment and consideration of the priorities and guidelines,
refer to D2.2 which describes XR4ED's design system.

2.4 Equality
2.4.1 Harassment (Sexual, Racial, other)

Virtual harassment is a controversial topic in XR use. including different aspect such as sexual
harassment, violent comments or threats, racist or homophobic comments, etc. Based on an online survey
[2]. 36% male and 49% female participants report sexual harassment in VR. Although harassment is not
universally regarded as a problem at the current stage, we would follow the recommendations mentioned
in the report [3]. These include but not limited to:

Blocking or mute harassers

Prioritise connection with friends

Give users control of privacy settings
Focus on social tools that serve all people

2.4.2 Avatar representation

Since XR4ED will include avatars to represent other users in collaborative settings or to simulate Al driven
agents, it is important to take into account the ethical issues that may arise when using virtual humans [4].
As indicated earlier in this document, “both students and teachers must perform their specific duties with
respect and tolerance towards all people” this should also apply to virtual avatars, as they can be the virtual
representation of another person, which is embodied and experiencing the virtual class from a first-person
perspective. Topics involving but not Ilimited to race features and gender availability
(Male/Female/Agender/gender fluid/non binary, etc.) of avatars.

2.5 Data processing

XR environments can collect detailed information about users, including biometric data (such as eye
movements and facial expressions), location data, and interactions within the virtual space. Ethical data
processing requires clear consent mechanisms that inform users about what data is collected, how it is
used, and with whom it is shared. Ensuring user privacy in XR environments means implementing robust
data protection measures and giving users control over their data. Refer to D2.1 for more details.

2.6 Challenges

The IEEE global initiative on ethics of extended reality (RW) report has published a white paper® which
explores ethics-related issues to support the design, development and deployment of XR applications for

5 https://standards.ieee.org/wp-content/uploads/import/governance/iccom/xr-in-education.pdf
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the educational field, to propose solutions, technologies and standards. Given the strong connection to
the XR4ED project, we will adhere to those guidelines. The main challenges raised in XR for education are:

3

Equity: ensure that using XR for education will not increase the educational divide. Given the current
price of XR technology, it could introduce one more inequality making it difficult for low-income
families or developing countries to have access to such technology. One potential solution that
XR4ED proposes is the development of a platform that can work with different hardware (including
low cost HMDs and even smartphones), so that students and schools with limited resources could
have access to the XR4ED platform.

Acceptance: The adoption of XR technology by stakeholders will depend on their level of readiness.
In this regard, XR4ED is making an effort in building a platform that can be easy to use for educators
without programming knowledge, thus making adoption easier for teachers of any discipline.
Safety: XR tools for education should be safe for both physical and mental health. Data analytics
provided by these tools should not present any potential harm. It is necessary that safety concerns
that currently exist in schools are carefully considered in XR4ED, for example, to provide tools to
protect students from bullying or harassment which can lead to isolation and mental problems.
Privacy: Students should be able to retain control over their test results, biometrics and
psychometric data within the educational context.

Ethics guidelines for user studies

The following section describes the ethics guidelines that are provided by the Universitat Politecnica de
Catalunya for all studies that require interaction with people. These  guidelines have  to be followed
by all the teaching and research staff at UPC, and thus serves as a good basis for the preparation of user
studies. It is not exclusive to VR though. In the following section we provide a specific case study of a user
studies involving VR which follows these guidelines.

Documents provided to the ethics committee for review and approval should include the following:

1) Questionnaire of ethical review request.
2) Research protocol. It must include:

a. Project title and summary

b. Description of the recruitment method. Criteria of inclusion and exclusion of the
participants. How the number of participants was determined.

c. Estimated start and end dates.

d. Brief but detailed description of the methods of the experiment, the observation, the
interview or the survey: who will do them and how. Or who and how will keep the data
obtained, for how long. Who will have access to it.

e. How the data collected will be analysed. Guarantee that data that is not strictly necessary
will not be collected. If applicable, statistical methodology that will be used.

f. Personal data: In cases in which personal data is not collected anonymously, and in which
they meet any of the following criteria:

i. Systematic and exhaustive evaluation of personal aspects of natural persons based
on automated treatment, such as profiling based on which decisions are made that
produce legal effects for natural persons or that significantly affect them in a similar
way.

ii. Large-scale processing of special categories of data.
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iii. Systematic large-scale observation of a public access area.

iv. Reuse of personal data for health and biomedical research purposes.

v. Pseudo-anonymised personal data for public health research purposes and, in
particular, biomedical research must include an impact assessment following the
instructions established by the specific national/European data protection
authority.

vi. Ethical considerations: Explain clearly and concisely the ethical considerations that
research raises and how the different aspects will be managed.

g. Informed consent, which consists of two elements: information sheet and consent sheet
for the participants. They can be in the same document or separated.

h. Information sheet for the participants. It must be understandable information about the
objectives and implications of research to ensure that the people who participate in it do
so freely and voluntarily. It should include information on the following elements:

i. Project title

ii. Name and information of the principal investigator and the contact person for
consultations.

iii. Objectives and duration of the project

iv. Methodology of the study and information on what the participant will be asked
(tests, observation, survey...). It is necessary to detail the number and duration of
the sessions, their content, the development, the place where they will be carried out
and the equipment that will be used.

v. The possible publication of the data once the project is finished.

vi. The use of images.
vii. The use of personal data: table of basic information on data protection
viii. personal and collection of consent to process this data of the Informed
Participation Consent.
ix. Risks and benefits

X. The ability to withdraw from research without the need to motivate its decision and
without consequences of any kind.

i. The consent form to be signed by the participant.

j.  Special cases must also be considered:

i. In the event that the project involves the participation of minors, the informed
consent is double: of the parents or legal guardians and of the minor upon prior
authorization of the minors’ parents or legal guardians. The age from which a minor
gives his consent in Spain is 14 years.

k. Protection of personal data of minors:

i. From 0 to 14 years for the processing of your personal data and consent is required
to process them from the mother, father, or legal guardian.

ii. From 0to 18 years old they are under legal age and it will be necessary to determine
what type of “permission” must be requested from the mother, father or legal
guardian.

l. Inthe event of the participation of persons legally disabled, the informed consent must also
be signed by the legal guardian.

m. In the case of consent granted online, a storage procedure will also be required.
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Informed Consent Form

All user studies require that the participant is provided with information regarding the purpose and
risks of the experiment, data protection plan, and that it signs an informed consent form (ICF)
before starting the study. In this section we provide the general guideless for such document, but
it is important that the researcher or educator running the study, adapts their own ICF to the outline
and requirements of the specific study®.

First, the ICF must show the following information:

Name of Principal  Investigator/educator
Name of Organization

Name of Sponsor (if any)

Name of Project and Version

Then the ICF consists of 2 sections, the Information sheet and the Consent itself.
3.1.1 Information sheet:

Introduction: Stating briefly who is running the user study, and that you are inviting them to
participate in it. Provide the title of the project, nature of the experiment and goal. Let the
participants know that they can read it carefully, think about it, and decide whether they want to
proceed or not after gathering all the information. Also inform them that they can ask any
question about the study or clarifications at any time during the study.

Purpose of the study: Explain the main concepts of the user study in a way that they can understand
it easily, avoiding scientific terms that may be too technical for them. Researchers/teachers must
be careful in not misleading them. It is important to not give too much details or information about
the considered hypothesis, or users might get biased and the confidence of the results
compromised.

Methodology: inform the user how the user study will be conducted, such as: number of
steps/conditions, whether they will have to fill in in questionnaires, participate in group discussion
or- interviews, and also inform them about the expected length of time that the study may take.

Participant selection: Explain why they have been chosen to participate in this study, so that they
do not experience fear, concussion or concern regarding the eligibility criteria.

Voluntary participation: only if it is applicable, let them know if there are no consequences in
refusing to participate in the study. In the educational field, we may want to use the study as an
evaluation tool, and thus not participating  could lead to a negative outcome in their grades.

6 https://www.who.int/groups/research-ethics-review-committee/quidelines-on-submitting-research-proposals-for-

ethics-review/templates-for-informed-consent-forms
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Procedures: provide a brief introduction to the format of the user study. Explain the type of
questions that they will have to answer upon completion of the study.

Risks: Indicate very clearly any risks that can be anticipated about participating in the study. In the
case of XR, there is an extensive literature of the potential risks of using a Head Mounted Display,
such as the possibility of suffering from motion sickness, so the information should be provided
to all participants.

Benefits: This can be divided into individual benefits, to the community or to the society.

Reimbursement: if applicable. It is not encouraged to pay incentives beyond reimbursements for
the expenses incurred such as transportation or missing hours of work.

Confidentiality: Indicate how confidentiality of data will be maintained. Provide detailed information
about the data protection plan.

Sharing the results: Describe your plan for sharing or publishing your findings with the participants,
including the timeline planned for the information to be publicly available in journals or
conferences.

Right to refuse or withdraw: there should be a reconfirmation that participation is voluntary and
includes the right to withdraw from the user at any time without specifying any reason.

Who to contact: provide the name and contact details of the researcher/educator involved in the
user study, who will be accessible after the study. State also the details of the entity that has
approved the study.

3.1.2 Consent form:
This section must be written in the first person, include some brief statements about the study and
include the template shown below  (template obtained from the WHQO?)

(mandatory:)

| have read the foregoing information, or it has been read to me. | have had the opportunity to ask
questions about it and any questions | have been asked have been answered to my satisfaction.
| consent voluntarily to be a participant in this study

7 https://www.who.int/
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Print Name of Participant

Signature of Participant

Date

Day/month/year

(voluntary)
Statement by the researcher/person taking consent

| have accurately read out the information sheet to the potential participant, and to the best of
my ability made sure that the participant understands that the following will be done:

1. <steps of the user study>
2. <steps of the user study>
3. <steps of the user study>

| confirm that the participant was given an opportunity to ask questions about the study, and all
the questions asked by the participant have been answered correctly and to the best of my ability.
| confirm that the individual has not been coerced into giving consent, and the consent has been
given freely and voluntarily.

A copy of this ICF has been provided to the participant.

Print Name of Researcher/person taking the consent

Signature of Researcher /person taking the consent

Date

Day/month/year

Additionally, the consent form may include the following?:

If you would like to receive information about the overall results of the search, once they are
published, please provide an e-mail address below:

8 https://comite-etica.upc.edu/ca/documentacio/models-i-formularis
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E-mail address

The data will be kept for as long as necessary for the purposes of the processing and to meet
any liabilities that may arise, without prejudice to the exercise of the rights granted to data
subjects by the Regulation (EU) 2016/679 of the European  Parliament and of the Council®.
Furthermore, this data will be made available to other researchers in an anonymous way after 2
years from the end of the project. The processing of your data does not involve automated
decisions, nor the elaboration of profiles with predictive purposes of personal preferences,
behaviours or attitudes.

Basic information on data protection If you wish, you can exercise your rights under the
European Personal Data Protection Regulation by contacting us at

- Delegate for Data Protection <email>

- Institution Name

- Physical Address and contact phone number

with your application form and a photocopy of your ID card. Applications to exercise your rights
are available on the website of the Data Protection Office of the <Institution Name>

3.2 Safety measurements for HMDs

The use of XR headset have some safety concerns that have to be carefully considered for all user studies,
The following section includes a full description of the risks and safety measurements that should be made
available to the participants of a user study as part of the information sheet. This list should be adapted to
the specific XR experience. For example, in the case of immersive VR, we need to take into account that
the entire field of view is displaying a virtual scene, so the participant will not be able to see that there is a
real physical wall nearby and may hit it. In the case of AR where virtual objects are rendered correctly
aligned with the real word, then the user will see a real wall, but may try to sit down on a virtual chair that
appears to be real and thus fall down. This example is not as likely in immersive VR, because initially the
user knows that everything seen in the display is virtual, but when experiencing high levels of presence, it
may also occur.

3.2.1 Guidelines for Use of HMDs in Interior Spaces

Risks:
e Hits against immovable objects
e Falling down

Preventive measures:

e Follow the safety warnings specified in the instruction manual provided by the equipment
manufacturer.

9 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32016R0679
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e Use the equipment only in an indoor and safe area, free of objects, furniture, etc.

e Designate a person as an observer of the person using the equipment.

e Act with caution to avoid injury.

e Create a user environment that is safe at all times. Injuries can occur in stumble or collide with
walls, furniture or other objects, so before using the CRV, the object area must be emptied for safe
use.

e Remember that the objects seen in the virtual environment do not exist in the real environment,
therefore do not climb or sit on them or use them as support.

e Remain seated unless the content experience requires standing up. Check that the seat surface is
safe and stable.

e Avoid using the virtual HMD if you have a pacemaker, hearing aids and defibrillators, as the
components could affect their operation magnetic that it contains.

e Make a medical consultation prior to using the virtual reality case in the case of pregnancy,
advanced age, pre-existing binocular vision abnormalities, psychiatric disorders, heart disease or
any other major health condition.

e Stop using the HMD if you experience any of the following symptoms: convulsions; loss of
consciousness; eye strain; optic or muscle spasms; involuntary movements; altered, blurred,
double vision or any other visual abnormality; dizziness; disorientation; alterations in balance;
alterations in hand-eye coordination; excessive sweating; increased salivation; nausea; dizziness;
discomfort or headache or eye pain; drowsiness; fatigue; or any other symptoms similar to motion
sickness.

3.3 User Experience in VR

When designing experiences in VR, there are many aspects that need to be considered given the
characteristics of VR, such as:

Field of view: when using an HMD, we are no longer looking into a single screen, but instead we have one
screen per eye creating images that our brain fusions to create the 3D illusion. Therefore, instead of
looking into a screen, our field of view is replaced by computer generated images. UX designers should
make sure that the entire user’s field of vies is covered.

Avoid Simulator Sickness: navigating a VR environment can be done with natural walking, or with psysical
input devices such as controllers or props. These controllers allow us to move beyond the available
physical space, but the implementation of such displacements must be done with great care to avoid
motion sickness. Some recommendation are to avoid abrupt accelerations, to use a tunnel vision, or to
implement teleport techniques that eliminate or mitigate the optical flow.

Multimodal input: when interacting with a computer we typically have a mouse and a keyboard as input
hardware. In a smartphone we have a touch screen. However, in VR we can combine several modalities of
head and hand gestures, speech, physical controllers, etc. It is thus important to learn how to intelingently
combine those modalities to facilitate interaction by making it as intuitive as possible and thus reduce the
cognitive load of the user. Whether we use hand gestures or controllers, it is important to keep gestures
consistent with user expectations, so for example grabbing something with the hand is done with a pinch
gesture, and grabbing with a controller is typically done with the grip button (which simulates the hand
gesture of closing our hand and thus grabbing something). In both cases, moving it up in the 3D space
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must be done with an up movement of the hand, so that the user does not need to think in order to perform
the manipulation task.

Ergonomics: When we are using a computer or a smartphone, we can be comfortable seating in a chair
with our arms resting on the table or chair. However, in VR we are often standing up and interacting by
performing movements in the 3D space around us. This provides a great immersive experience but can
also cause fatigue and muscle pain when working for long periods of time. So, it is very important to
consider comfort and ergonomics when designing user experiences. This can be handled by providing a
good design of the virtual space and the location of the objects that the user will need to interact with
most often.

We recommend the book by Jason 2015 for a complete list of recommendations on Human-Center design
for VR[13].

4 Case Study - Interaction modes in VR

In this chapter we provide a full example of an ethics document prepared for a user study that has been
carried out at the Universitat Politecnica de Catalunya, the informed sheet given to the participants and
the consent form. This document has the approval of the Ethics Committee of the Universitat Politécnica
de Catalunya (CEUPC) with ID Code 2023.04, and thus serves as an example for other user studies that
will be carried out during the execution of the XR4ED project. This user study was performed to evaluate
different approaches for avatar visualisation and animation during interaction tasks with the purpose of
studying which of the five proposed methods was best in terms of user experience, performance, and
completion times [5]. All of which are of extreme importance in the context of education. A positive user
experience is needed so that students will enjoy using the application and thus will be able to handle longer
learning sessions. Performance is key, because we need to develop animation tools for self-avatars that
can boost the results achieved by the students instead of introducing further limitations, and finally
completion times are key for students to feel satisfied with their learning experience. We first provide the
documents as they were submitted to CEUPC for approval (sections 4.1 to 4.10), and then in section 4.11
we provide the full document that is given to all the users/participants before the experiment, which
contains: the information about the purpose of the experiment, and the consent form.

Please keep in mind that this is only an example and that you would need to adapt your documentation to
the specific characteristics of your VR application and the environment where it will be used. For example,
in this experiment, we measured embodiment because we were interested in understanding how the
different animations and visual representation of the body affected embodiment, but if your experiment
does not need avatars, or all avatars are rendered and animated in the same manner, then this
guestionnaire may not be necessary. For completion of this document, you can find in the appendix other
questionnaires that are typically used in VR. Once again, for our specific experiment, since users could
navigate by doing natural walk which diminishes motion sickness, we did not need the simulator sickness
questionnaire, but if your application requires navigation with a joystick, then you probably need it. User
experience can be measured in many different ways, for example in this experiment we asked the users
about their preference to get subjective feedback, but we also recorded time to completion of tasks, the
accuracy of their movements, or the number of hits and errors that they made. User experience typically
requires that system is usable, which is directly related to allowing users to complete their tasks in an
efficient way and without making mistakes. It is also important to consider comfort, since many tasks in
VR may be repetitive and not offer physical support for the hand or arm, thus resulting in fatigue or even
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muscle pain. If the tasks require to be standing up for long periods of time, this could also be a source of
fatigue.

4.1 Brief Scientific Justification

Virtual reality (VR) is an immersive technology that allows users to enter and interact with a simulated
environment. VR devices typically consist of a head-mounted-display (HMD), and sometimes hand-held
controllers or sensors. In VR, users can feel like they are actually present in a virtual world (feeling of
presence) and can move and interact with their surroundings. This technology has the potential to
revolutionise fields like education, healthcare, and entertainment, by providing immersive and impactful
experiences that can improve learning, rehabilitation, and mental health.

This study aims to investigate 5 different interaction modes in Virtual Reality (VR). We want to evaluate
both quantitatively (task performance, precision) and qualitatively (user preference, body ownership) all
the tested methods. Thus, this study consists of one VR session for each participant, with all participants
experimenting all the conditions following a within-subjects design.

4.2 Description of the Methodology and Techniques Used

At the beginning of the experiment, the participant will be embodied into a virtual avatar. This means that
in the virtual environment the participant will be able to see and move through the virtual world as if he/she
was controlling a virtual person with his/her own movements.

Throughout the whole experiment participants will play in a virtual environment to 3 different mini games
that are explained in the Experiment Methodology section: A Cube Game, a Ball Throwing Game and the
Painting Game. For each condition, after playing the 3 games, an embodiment questionnaire (see Appendix
C: Embodiment Questionnaire) will be presented inside the virtual environment, where the participant will
answer it.

After playing the 3 games with all the conditions, the participant will try to assess for each condition
whether he/she can feel any difference between the real position of his/her real hands and the position of
the virtual hands and controllers. For that he will experiment again each condition one by one and answer
another questionnaire inside the virtual environment (see Appendix D: Offset Questionnaire).

At this point, the experimenter will explain the different interaction techniques (conditions of the
experiment) to the participant, who will be able to try them freely while answering another questionnaire
to assess their preferences (see Appendix E: Preference Questionnaire).

Finally, after the whole VR session is finished, the participant will be required to fill outside the VR a final
questionnaire about the overall experience (see Appendix F: Post Questionnaire).

4.3 Experimental Design

The experimental design will be within-groups with 5 conditions corresponding to the 5 different
interaction modes in VR:

e Mode 1: In this mode the virtual controllers are not being rendered, and the virtual arm length is extended
when the real position of the controller goes beyond the length of the avatar's arm.
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e Mode 2: In this mode the controllers are being rendered, and the virtual arm length is extended when the
real position of the controller goes beyond the length of the avatar’'s arm.

e Mode 3: In this mode the controllers are not being rendered, and the virtual arm length is fixed.

e Mode 4: In this mode the controllers are being rendered at the position of the virtual hands, which is not
necessarily the same position as the real controllers, and the virtual arm length is fixed.

e Mode 5: In this mode the controllers are being rendered at the real position of the real controllers and
the virtual arm length is fixed. But the position of the virtual hand might not be the same as the position of
the real hand. Therefore, the virtual controller might fly out of the virtual hand when it goes beyond the
length of the avatar’'s arm.

We want first participants to try the different modes while playing some mini games but without having
any knowledge about the interaction mode they are using. We also want to get some insight about their
sense of having or not their virtual hands/controllers matching the positions of the real ones. After that
we want to explain the 5 different modes to the participants and give them freedom to try them and assess
which one they prefer.

4.4 Experiment Methodology

We use the Unity 3D Engine'® to implement the virtual reality experiment. To achieve embodiment into the
virtual avatar, we use Avatar Go [5]. The different conditions of interaction have been either reused from
the original Avatar Go implementation, or implemented specifically for this study. The demographics
questionnaire (see Appendix B: Demographic Questionnaire) and the post questionnaire (see Appendix F:
Post Questionnaire) are filled outside the VR on a computer using a Google Form. The qualitative
questionnaires (see Appendix C: Embodiment Questionnaire, Appendix D: Offset Questionnaire, and
Appendix E: Preference Questionnaire) are answered inside the VR environment using a suitable
interaction technique. Both the data of these VR questionnaires and the different objective measures taken
throughout the experiment are saved by the Unity program, only using the unique ID assigned to each
participant to group the different files.

The purpose of the 3 different mini games is to engage the participant into actively interacting with the
virtual environment. They are designed to hide tasks that require agility and precision so that later we can
use the retrieved data to objectively assess the quality of the different interaction techniques.

4.4.1 The Cube Game

The Cube Game consists of picking up 5 cubes that have different alphabet letters printed on them and
placing the requested cubes on corresponding docks. The cubes are initially on a shelf inside the virtual
room, the participant must take them with his/her virtual hand or controller (depending on the condition)
by pressing the trigger button of the real Vive controller and move with them to place them on the correct
dock that has the same letter printed on it. Figure 1 illustrates this game.

10 https://unity.com
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Figure 1. Example of the cube game

4.4.1 The Ball Throwing Game

The Ball Throwing Game consists of picking up the virtual balls that are thrown in the virtual environment
by different cannon shooters. The cannon shooters will appear on a wall in front of the participant (who
will need to stay behind a virtual line) and will shoot one ball at a time towards him/her, with a total of 12
balls for each play. Each one of the balls will have a slightly different direction. The participant must try to
catch the balls using the virtual hands or controllers (depending on the condition). No button is needed to
catch a ball, only to touch it. A sound will be played when a ball is successfully caught and a different
identifiable sound will be played when a ball is missed. Figure 2 illustrates this game.
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Figure 2. The Ball Throwing Game

4.4.2 The Painting Game

The Painting Game consists of painting on a virtual whiteboard inside the virtual environment. For that the
participant might need to grab a virtual brush by pressing the trigger button. Otherwise, if the condition
has no controllers, the participant will be able to draw using the tip of his/her virtual index finger. In any
case, by approaching the brush or the finger the participant will draw on the whiteboard. We will ask the
participant to draw over simple figures that will already appear on the whiteboard: a triangle, a square and
a circle. Figure 3 illustrates this game.
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Figure 3. The Painting Game

4.5 Subject Recruitment

Participants will be recruited by advertisements around the Campus Nord and Campus Sud of Universitat
Politecnica de Catalunya (UPC), both electronically and with posters (see Appendix A: Advertising -
Recruitment poster). Participants can be students, staff (academic and administrative), and visitors.
Anyone can take part subject to the exclusion criteria below. After showing their interest in participating,
they will be contacted by email to set up an appointment for their session. When coming to the session
they will first be shown the Study Information Document and the Participant Consent Form for them to
sign.
4.5.1 Inclusion Criteria

Given our 5 conditions, to have a balanced Latin square within-subjects design we plan to recruit a
minimum of 25 or 30 participants. Participants will need to certify that they are of legal age (18 years or
older) but will not be required to specify their gender if they do not want to. Due to the nature of the
experiment and the configuration of the different mini games, participants need to be able to walk and
have good mobility. Given these inclusion criteria and the exclusion criteria specified below, we will as far
as possible avoid having any bias regarding gender, age or any other underrepresented groups.

4.5.2 Exclusion Criteria
Due to the nature of the experiment, the specification of the different mini games, and the configuration
of the virtual scenarios, participants will be required to stand up, walk and move inside the virtual

environment for about 45 minutes. Therefore, participants who are not able to walk or that have reduced
mobility should be excluded from the study.
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Potential participants currently under psychological treatment or diagnosed with any mental disorder
including post-traumatic stress disorder, suffering drugs or alcohol abuse, psychotic symptoms, mental
retardation, present substantial visual or hearing deficits, cognitive or organic brain dysfunction, suffering
seizure disorders or epilepsy will not be eligible to take part in the study. These requisites will be included
in the recruitment email. Also, both the Study Information Document and the Consent Form will emphasise
on these requisites and on the ability to withdraw from the study with no reason at any point.

4.6 Procedures

In this section we explain the experimental protocol that the experimenter has to follow upon participant
arrival, the equipment that we will use and the spaces where the study will take place.

4.6.1 Experimental Protocol

Whenever a new participant arrives, the experimenter will carefully follow all these steps:
[1] Preliminary Steps
a. Check that the participant fulfils all the inclusion and exclusion criteria explained above.
b. Prepare the equipment:
i. Check that everything is plugged.
ii. Check that batteries are charged and change them if necessary.
c. Calibrate the floor.
d. Assign a participant ID (using the balanced Latin square design).
[2] Introduction phase
a. Welcome the participant and ask him/her to:
i. Sit down in front of the computer.
ii. Carefully read the Study Information Document.
iii. Watch all the disposed video tutorials.
iv. Carefully read the Participant Consent Form.
v. Ask any questions they might have.
vi. Fill and sign all the forms, including the demographics questionnaire (see Appendix

B: Demographic Questionnaire).

Remind them they can withdraw at any moment without reason.

Ask the participant to move to the center of the experiment area.

Take some measurements of the participant: arm span and height.

Help the participant to set-up all the equipment (HMD, trackers and controllers) as in the

tutorial video:

https://drive.google.com/file/d/1F97gbNWyuM6UKK8wWXUNWA4TOdSNXctudU/view?usp=
sharing

f. Insert the user ID in the experiment software (developed using the Unity 3D engine).

[3] Embodiment phase. Ask the participant:

a. To position him or herself in the avatar the same as they saw in the tutorial video:
https://drive.google.com/file/d/1F8yDe-BHfwTDgqJ7C70-
wLTDgSCcXI_z/view?usp=sharing
To look down (move his/her legs).

To look at his/her left hand and move it.
To look at his/her right and move it.
To turn around 180 degrees and look at him or herself in the mirror.

®PoooT
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f. To pick cubes up and then put them back on the table at a different position.

g. To pick up the brush and try to draw a smiley face on the whiteboard.

h. If they have any questions and if they need more time.

[4] Mini Games Phase. For each condition ask the participant:

a. To play the Cube Game.

b. To play the Ball Throwing Game.

c. To play the Painting Game.

d. To answer inside the VR the embodiment questionnaire (see Appendix C: Embodiment
Questionnaire). If necessary, remind the participant the buttons they need to use.

[5] Offset Phase. For each condition ask the participant:

a. To move his/her hands to the front of his/her body.

b. Tolook at his/her hand, move them freely.

c. Toanswer inside the VR the offset questionnaire (see Appendix D: Offset Questionnaire). If
necessary, remind the participant the buttons they need to use.

[6] Playground Phase.

a. Explain to the participant how he/she can manually change the current mode.

b. Explain to the participant that we are trying to study different interaction modes in VR.

c. For each condition:

i. Explain the condition to the participant.
ii. Ask the participant to select the current condition.
iii. Ask the participant to try different things for the current condition.

d. Ask the participant to answer the preference questionnaire (see Appendix E: Preference
Questionnaire), mentioning that he/she has time to freely change from one condition to
another. Mention as well that the answers to the preference questionnaire can be changed
until he/she is done.

e. Ask the participant to end the experiment whenever they feel like they have finished.

[7]1 Post Experiment Phase
a. Thank the participant for participating in the study.
Help the participant to take off the equipment.
Give the participant his/her assigned ID.
Ask the participant to sit down in front of the computer.
Ask the participant to answer the final questionnaire about the overall experience (see
Appendix F: Post Questionnaire).
f. Thank the participant again and say goodbye.

®PoooT

4.7 Equipment

For the execution of the experiment, we need the following equipment:
e A head-mounted-display (HMD)

e Controllers

e Trackers

e Tracking cameras

e A high-end computer
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The HMD is the device that is placed on the user's head to provide the visual experience (see Figure 4). It
usually includes a screen for each eye, motion tracking sensors, and often headphones for audio. They do
not require extra 3D glasses, as the sense of immersion is created by stereoscopic viewing through the
already included lenses. It is currently the most used type of visual device for VR and has prevailed over
other types of displays that were used in the past.

Figure 4. A head-mounted-display (HMD) placed on a user's head

By controllers (see Figure 5) we mean the most common devices with motion sensors. They work with
inertial sensors, accelerometers and/or gyroscopes, which give values of speed, acceleration, and
orientation. Together with tracking cameras they can give position values.

Figure 5. VR Controllers

Trackers are individual movement tracking devices that can be adjusted to different parts of the body or
other independent objects (see Figure 6). Like controllers, they may require tracking cameras to obtain
position and orientation values.
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Figure 6. Trackers can be attached to any object or body part to track their movement

Some HMDs use laser projectors (or similar technology) to track the position and movement of the HMD
itself and the trackers during the virtual reality experience. They are placed in the room where the
experience takes place (see Figure 7).

~z

~o 2 ¥ ’/ ¥
R
O |

Figure 7. Tracking stations

The specific HMD we will use in our study is the HTC Vive Pro, with its wireless adapter (see Figure 8).
This HMD uses its own controllers, tracking stations (also known as base stations) and is compatible with
extra trackers.
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Figure 8. HTC Vive Pro

The HTC Vive Pro (see Figure 8) is a high-end virtual reality device manufactured by HTC, and here is a
brief description of its features:

e Resolution: The HTC Vive Pro has a resolution of 1440 x 1600 pixels per eye, which means it has a total
resolution of 2880 x 1600 pixels. This provides a sharp and detailed image that enhances the sense of
immersion.

e Refresh rate: The device has a refresh rate of 90 Hz, which helps reduce the feeling of motion sickness
or motion sickness that some users may experience while using virtual reality.

e Tracking area: The HTC Vive Pro has a tracking area of 10 square meters, which allows the user to
physically move around the space without leaving the tracking area.

e Controllers and tracking stations: The device includes two motion controllers and a minimum of two
tracking stations (base stations), which detect the movement and position of the user's head (HMD) and
hands (controllers). This allows for more accurate and natural interaction with VR content.

e Tracking devices (trackers): HTC Vive Pro supports individual trackers that can be attached to different
parts of the body (feet, waist) to improve tracking of the user's movement, or to individual objects that the
user can take in the real world and then synchronize their movement with an associated object in the virtual
world.

e Comfort: The HTC Vive Pro features an ergonomic design that distributes the weight of the device evenly
to reduce pressure on the user's forehead and face. It also features an adjustable face pad that helps
reduce pressure on the face and provides a more comfortable experience.

e Sound: The device has a built-in sound system with stereo speakers, which provides an immersive audio
experience. It also includes a headphone jack for a personalized audio experience.

e Wireless adapter: The HTC Vive Pro has an optional wireless adapter that allows users to move freely
without the limitation of a cable. The adapter works over a 60GHz broadband connection and has a latency
of less than 7ms, meaning the image is transmitted in near real-time. The wireless adapter is easy to
connect to the HTC Vive Pro and includes a rechargeable battery that provides up to 2.5 hours of
continuous use. This means users can experience virtual reality without having to worry about battery life.
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It is an attractive choice for experiments where we want users to have a wireless VR experience with
excellent image quality and latency.

In short, the HTC Vive Pro is a high-end virtual reality device that offers great image quality, a large and
optionally wireless tracking area, precise motion controllers and an ergonomic design for a reality
experience comfortable and immersive virtual.

Web: https://www.vive.com/us/product/vive-pro/
Safety and Regulatory: https://dl4.htc.com/vive/safty_guide/91H02887-08M%20Rev.A.PDF
Product Security: https://www.htc.com/us/terms/product-security/

4.8 Spaces - Cave Room

The cave room is a laboratory of the Virtual Reality Center (CRV) prepared for demonstrations and user
studies (See Figure 9). This laboratory is a large double-height room of 9 meters by 9 meters wide with a
large open space and a cave system. It is accessed through a door (door 244) located in the spaces of the
CRV on floor 0 of the Faculty of Mathematics and Statistics (FME) building, at UPC Campus Sud, and by
going down some stairs located in the same room up to floor -1 of the same building. Once inside the
room, we find a second access door and a double-leaf emergency exit door.

Figure 9. The Cave Room entrance stairs

The room is lit with three spotlights in the different corners of the room and spotlights located along the
different walls of the room. The laboratory has an air conditioning system that is activated from the room
itself and that works with the building's air conditioning system. Inside the room we find a properly
indicated fire extinguisher as well as the building's audio system to prevent any incidents. The room has
been divided into two spaces. On one side of the room, we find the cave system, a virtual reality system
with rear projection, multi-user, which is currently used as a stereo wall. The other part of the room is a
large open space designed to have experiences with virtual reality HMDs or motion capture systems
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(MOCAP) and to be able to move freely without encountering obstacles. This part is the one that will be
used for running this study (see Figure 10).

Figure 10. The Cave Room space used for running the study

4.9 Data Protection and Management

The data protection documentation is shown in the Participant Consent Form. On arrival participants will
be asked to sign the Participant Consent Form where there will be their name and contact information -
address and email. Each participant will have an identity (ID) number randomly assigned by the
experimenter. This ID will only be used to match up their responses to the questionnaires and the recorded
data inside the virtual reality software. There will be no connection between the identifier number and the
consent form that they sign.

The data generated in the experiment will be a combination of experimentally observed parameters and
self-reported responses to questionnaire items (e.g. demographics, perceptions about the experiment,
psychological factors etc.). Additionally, we will ask participants in the consent form if they agree to be
video-taped. Recording in video the session is not mandatory and it's main purpose is to have a backup of
the comments that participants could make during the experience, and under which specific conditions;
those comments might not get translated into the final post-questionnaire because participants might not
find them relevant or because they just forgot about them (we consider that this is one of the multiple
issues that post-questionnaires have). But having this extra information could help us get more insight
about the reasons for our findings when analysing the data in the future.

As mentioned before, all the data collected about the participants during the study, will be strictly
confidential and will be anonymized at the moment of collection. This guarantees that beyond that point,
it will be impossible to identify the participants based on the data observed in the experiment. Any
identifiable data will be handled only by the ViRVIG research group: after collecting any signed documents,
the experimenter will hand them to the IP of the project, Nuria Pelechano, who will keep them locked under
key. The researchers will not have direct access to this data. Once the experimental data has been
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anonymized, it will be handled for analysis and stored safely by the 4 researchers of the study (Reza
Kesahavarz, Jose Luis Ponton, Alejandro Beacco and Nuria Pelechano). The data will be stored under key
in the researcher’s personal computer and backed up safely in a private UPC repository.

A quantitative analysis will be performed using the objective recorded data, and a qualitative analysis will
be performed using the subjective answers to the VR questionnaires. The master thesis produced through
this project will be publicly available through the UPC library service. The data could also be used to
produce a publication in a scientific journal. The participants will not be identified (or identifiable) in either
of these publications.

After conducting our analysis and hopefully obtaining a scientific publication, we will be able to destroy
the collected data. We do not want to destroy the data while potential scientific reviewers can ask us for
more analysis. We estimate that this could be achieved in less than one year.

4.10 Ethical Considerations

As with any new technologies, the use of VR might pose long lasting effects unknown to the user. We will
therefore adhere to the VERE code of conduct for the ethical use of VR in research written by Madary and
Metzinger (2016) [7].

It is also essential that we exclude vulnerable participants, those with a medical history of convulsions,
epilepsy, schizophrenia, psychosis and personality disorders. Since these sort of population groups are
the ones who are most at risk with this technology. This is something already mentioned in the exclusion
criteria and that also appears in the Study Information Document and the Participant Consent Form, so
that participants can withdraw without any reason.

We do not foresee any risks for the participants in this study; however, some might experience a certain
feeling of nausea when they use a Virtual Reality system, referred to as ‘simulator sickness’. All
participants will be informed about this in the Study Information Document before signing the Participant
Consent Form to take part in the study. Simulator sickness usually occurs when the visual flow in the
virtual reality is divorced from the actual head movements of the participant. In this case the participants
will be able to walk around a constrained virtual and physical space, but their vision will be updated in real-
time based on their actual head movements and body locomotion (using several body trackers), so
simulator sickness is very unlikely to happen.

In any case, to prevent any harm to the participants the experimenter will also watch out for physiological
signs of motion sickness during the experiment and safely remove participants with signs of nausea or
vertigo from the experiment.

4.11 Study Information Document and Participant Consent Form

In this study we intend to investigate 5 different interaction modes in Virtual Reality (VR). Please read this
information carefully and feel free to ask any questions you may have. The researchers will answer all your
questions. However, the specific aspects that we are studying in this study cannot be discussed with you
until the session is completed.

You are free to leave the experiment at any time without giving explanations. You can also ask us to
delete any records of your responses.
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The study will consist of one session that is going to last up to 45 minutes (approximatively). You will be
asked to answer several questions using your controllers while you are participating in the VR experiment,
and to leave some general comments after the experience. During the experiment you will be asked to
play five times with 3 mini games: Cube Game, Ball shooter and Painting.

The equipment used for the experiment is an HTC Vive Pro head mounted display (HMD) with 3 HTC
Trackers, and two Vive Controllers (see Figure 11).

Figure 11. Equipment used to perform the task - HTC Vive Pro (right) and 3 extra HTC Trackers (left)

Figure 12 shows you how we will proceed with the equipment setup. The experimenter will also assist you
and show you a video to better understand this.

Figure 12. Equipment setup

Figure 13 illustrates one of the two HTC Vive Controller that you will have to hold on each hand, along with
the different buttons and its names, so that you know which button we are referring to when necessary:
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Figure 3: [controller guide]
1 Touchpad

2 menu button

3 Trigger

4 Grip button

Figure 13. Controller guide

At the beginning of the experiment, you will be asked to embody yourself into a virtual avatar. This means
that in the virtual environment you will be able to see and move through the virtual world as if you were
controlling a virtual person with your own movements. The experimenter will show you a video that will
help you to understand how the process of entering inside the virtual avatar is done. He will also assist
you and give you some instructions during this embodiment phase.

Throughout the whole experiment you will have to play several times in the virtual environment to 3 mini
games that we will explain next. After playing each sequence of 3 games, and at some other times, you
will be asked to answer a few questions about what you have just experienced. The questions will also be
answered inside the virtual environment. Finally, after the whole VR session is finished, we will need you
to answer some final questions outside the VR.

The Cube Game

The Cube Game consists of picking up 5 cubes that have different alphabet letters printed on them and
placing the requested cubes on corresponding docks. The cubes are initially on a shelf inside the virtual
room, you must take them with your virtual hand/controller by pressing the trigger button of the real Vive
controller and move with them to place them on the correct dock that has the same letter printed on it.
Figure 14 illustrates this game.
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Pick up the right /| 3. i you put the wrong

cube from the shelf by ' N cube on the dock The
‘

pressing the trigger button | | ™ dock becomes red

{AZWPL) ‘

2. Move the cubes to 4. I you put the correct
their assigned cube ,The dock becomes
location green

And when all the assigned docks are green you will be moved to the next game

Figure 14. The Cube Game

The Ball Throwing Game

The Ball Throwing Game consists of picking up the virtual balls that are thrown in the virtual environment
by different cannon shooters. The cannon shooters will appear on a wall in front of you and will shoot one
ball at a time towards you, with a total of 12 balls for each play. Each one of the balls will have a slightly
different direction. You must try to catch the balls using the virtual hands/controllers. No button is needed
to catch a ball, only to touch it. A sound will be played when a ball is successfully caught and a different
identifiable sound will be played when a ball is missed. Figure 15 illustrates this game.

Figure 15. The Ball Throwing Game

Funded by 38
the European Union




Horizon Innovation Action
“ HORIZON-CL4-2022-HUMAN-01-19

\_'H'_I XRED

eXtended Reality for EDucation

The Painting Game

The Painting Game consists of painting on a virtual whiteboard inside the virtual environment. For that you
might need to grab a virtual brush by pressing the trigger button. Otherwise, you will be able to draw using
the tip of your virtual index finger. In any case you will be able to approach the brush or the finger and draw
on the whiteboard. Try to draw the simple figures that already appear on the whiteboard: a triangle, a
square and a circle. Figure 16 illustrates this game.

K 2 * In this game simply you need to grab the brush by pressing the trigger button
and try to color on top of the cube the triangle and the circle

In interaction modes without

controliers, You will be able to
pain on the whiteboard using
the tip of your index finger

Figure 16. The Painting Game

VR Questionnaires and how to answer them

After each time you will play one of the 3 mini games, a set of statements related to your virtual experience
will appear in the virtual environment. You will be asked to assess them on a Likert scale from 1 to 7 where
1 means you completely disagree and 7 means you completely agree with the statement. To answer to
each statement there will be 7 number buttons (1 to 7) and a ray will be thrown from your left virtual
controller. By pointing the ray to your selected number, it will be highlighted with a different color, but you
will need to press on the touchpad button of the real left controller to fix your selection. You can change
your answer by selection another number using the same procedure. Once all the questions will be
answered proceed by selectin the Done button on the right down corner, also by pointing it with the ray and
pressing the real touchpad button of the real left controller. At other times during the virtual experience,
other questions will be asked to you and you will be able to answer them with a similar user interface and
the same interaction technique. Figure 17 illustrates the depicted virtual user interface.
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Figure 17. Virtual User Interface to answer the VR Questionnaire

The information collected during this study will be disseminated in such a way that the participants cannot
be individually identified. In all the reports of this work (scientific publications, congresses, etc.) the
participants will be discussed as a group and no individual will be identified. In case of mentioning any of
the comments or any of the responses of a specific participant, it will always be done completely
anonymously.

IMPORTANT

When people use a Virtual Reality system, some often experience a certain feeling of nausea. If at any
point in the study you wish to stop due to this or a different reason, please say so and we will stop the
experience immediately. Some research suggests that people who use a virtual reality headset may
experience some minor visual disturbance soon after. We do not know any long-term studies, but there
are studies that prove the presence of this effect after 30 minutes. It has also been documented that
sometimes after 30 minutes there are those who have temporary flashbacks related to the virtual
experience. With some types of video there is the possibility of generating an epileptic episode, as has
been reported to occur in some video games. If you suffer from epilepsy or require any psychoactive
medication, please do not proceed with the experiment without giving us any reason at all.
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Immersive Virtual Reality can have lasting psychological and behavioral influences on participants. Since
virtual reality has only recently been introduced to the public, some risks may currently be unknown.
However, in all the studies conducted under the ViRVIG research group, no adverse effect of technology
on psychology or behavior has ever been found.

Because of this, and to avoid any possible risks, it is important that if you agree to participate in this study,
you will also agree to not drive any car, motorcycle, bicycle or any vehicle, nor use any type of complex
machines that could be dangerous for you or others, during the three hours after finishing the Virtual
Reality experience. It is also important that you certify to us that you are of legal age (18 years or older),
that you have not consumed more than two units of alcohol in the last 6 hours (2 units of alcohol = 1 beer
or 2 glasses of wine), that you are not taking any type of psychoactive medication, and that you do not
suffer from post-traumatic stress disorder or any other type of psychological disorder. You are therefore
asked to read, comprehend, fill, and sign the consent form given to you. If you sign it the study will count
with your participation. Remind again that you are free to abandon the study at any time without any
reason.

Please, after reading all the document carefully fill your information if you decide to participate in this
experiment. By filling out this form you agree on all the terms written in this form.

In case you have any questions or comments related to the study please contact us at:

Nuria Pelechano : nuria.pelechano@upc.edu

Thank you for your participation!
Name(s) and surname(s):

Date:

Signature:

Funded by

the European Union 41




Horizon Innovation Action
XR
\ ") XRED
-

PARTICIPANT CONSENT FORM
Project Title: Interaction Modes in VR
The volunteer must read and answer the following questions carefully:

(You must circle the answer that is considered correct)

Have you read all the information that has been provided to you about this project? YES/NO
Have you had the opportunity to ask and comment on questions about the project? YES/NO
Have you received enough information about this project? YES/NO

Have you received satisfactory answers to all the questions? YES/NO

What is the name of the researcher who told you about this project? (Name and surname) .........ccccccouvcomneneee.

Have you understood that you are free to withdraw from this project without this decision causing you

any harm? YES/NO
At any time YES / NO
Without giving any reason YES/NO
Have you understood the possible risks associated with your participation in this project? YES/NO
Do you agree to participate? YES/NO
Will you receive any kind of compensation to participate? YES/NO
Do you agree to be videotaped? YES/NO

| certify that:

- 1 am of legal age (18 years or older).

- | have not consumed more than two units of alcohol in the last 6 hours (2 units of alcohol = 1 beer or 2 glasses of wine).

- | am not taking any type of psychoactive medication.

- | will not drive cars, motorcycles, or bicycles or use any type of complex machines that could be dangerous for me or others,
during the three hours after finishing any Virtual Reality experience in this study.

- I do not suffer from post-traumatic stress disorder or any other type of psychological disorder.
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Signature: ............ eeeenesseneens DAte: ..o e e enaes

Name and Surname of the participant: ... ivnnecn st ccncnne

In the event that you later want to ask a question or comment about this project, or if you want to revoke your participation in it,
please contact:

- Name: Nuria Pelechano,

- E-mail: nuria.pelechano@upc.edu,

- Postal Address: Universitat Politécnica de Catalunya, Computer Science Department, Edifici Omega, Despatx 140, ¢/ Jordi
Girona 1-3, E — 08034 Barcelona, Spain

- Phone: +34 93 413 7858

- Website: cs.upc.edu/~npelechano/

Place, date, and signature of the researcher: .............ceerevnecesneevesenesesenasecnssseesesnnens
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Rights and information in relation to the data processing

When we collect your personal data, they will be pseudonymised, which means that we will assign a code to your personal data,
with which your data will be processed from that moment on. Thus, researchers will not have access to data that allows you to
be identified, and only the principal investigator will have access to the list in which your data and codes are correlated.

Regarding to the processing of your personal data, we inform you that the Data Protection Delegate (Area de Serveis Juridics i
Avaluacié de Riscos) of Universitat Politécnica de Catalunya will be the legal responsible (data controller), with postal address
Plaga d’Eusebi Gell 6, Edifici Vertex, Planta 0, 08034, Barcelona, and e-mail address proteccio.dades@upc.edu.

The purpose of the data processing is managing and executing the “Interaction Modes in VR” experiment. The lawful basis for the
processing of your personal data within the research project is your consent, which you can revoke at any time without having
retroactive effect. Your data will be kept for the time necessary to fulfil the purpose for which they were collected and to determine
the possible responsibilities that could be derived. The recipient of your personal data is the University itself and those in charge
of processing your data on behalf of the University, if applicable. No transfer of data to third parties is envisaged unless there is a
legal obligation to do so.

You can access to the data, request data rectification, data erasure and data portability, and request objection or restriction of
processing. You can write to the General Secretary, attaching a copy of your DNI or any other appropriate identity document. If
you consider that your rights were not attended well enough, you can contact the Data Protection Delegate (Area de Serveis
Juridics i Avaluacié de Riscos) of Universitat Politécnica de Catalunya, with postal address Plaga Eusebi Giiell, 6, Edifici Vertex,
08034 Barcelona (Spain) and e-mail address proteccio.dades@upc.edu. Also, you can lodge a complaint with the Catalan Data
Protection Authority (APDCAT): apdcat.gencat.cat.

“ 1 confirm that | have read the right of information and | consent the processing of my personal data in the cited terms.

Signature: ............ S DT | (=R
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Appendix A: Advertising - Recruitment poster

What's this?

It's a VR experiment that uses several short games.

What's the reward?

UNIQUE COOL VR EXPERIENCE

PHOTO SERVICE. We can take photos for you if you want to memorize the unique
experience.

Who are we?
VIiRVIG -- UPC research lab

Where to go?

UPC Facultat de Matematiques i Estadistica,
Campus Diagonal Sud, Carrer de Pau Gargallo, 14, 08028

To sign up for this experiment contact us at:
e <experimenterl-email>
e <experimenter2-email>

We will send you more detailed information through email later.

Note: As in many VR experiments, if you agree to participate, we will collect biometric data
during your VR session. That data will only be used for scientific and academic research
and will be destroyed after our research is done.
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Appendix B: Demographic Questionnaire

Horizon Innovation Action

Please insert your participant ID (you must receive the participant ID from the

experimenter.
O

Date of Birth
O

Gender
o Male
o Female
o Prefer not to say
o Other:

Please determine your dominant hand:

o Right
o Left

o Both my hands are dominant.

What is the highest degree or level of education you have completed? (Optional)

o No schooling completed

Associate degree
Bachelor's degree
Master's degree
Professional degree
Doctorate degree

o O O 0O O 0 O O O

Indicate the level of experience and knowledge you have in the following subjects:

Some high school, no diploma
High school graduate, diploma or the equivalent (for example: GED)
Some college credit, no degree
Trade/technical/vocational training

None Little Medium High N/A
Gaming
Virtual Reality
How often do you participate in the following activities?
Never Sometimes Almost Everyday N/A
everyday
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Video games
Use virtual
reality
technology
Use computers
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Appendix C: Embodiment Questionnaire

This is a simplified version from the original embodiment questionnaire [9] to adapt to the needs of our
experiment.

-

| felt as if the movements of the virtual body were influencing my own movements

e HOODEOD -

| felt like | could control the virtual body as if it was my own body.

o HOPHEOD -

it seemed as if the touch | felt was caused by the controlier/block/brush touching the virtual body

e DOOOOOD -

It seemed as if my body was touching the controller/block/brush.

oo (N2 GG

| felt as if my body was located where | saw the virtual body.

e (B QDPOOE

It seemed as if | felt the touch of the controller/block/brush in the location where | saw the
virtual body touched

o HSDODEOOD -

4
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Appendix D: Offset Questionnaire

Do you think in the following mode your hand was in
the position of your virtual hand

Mode 1 A yes no

Mode 2 . yes no
- »

Mode 3 yes no

Mode 4 yes no

Mode 5 yes no
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Appendix E: Preference Questionnaire

Rate each of the interaction modes from 0 to 100

Order Fom
How much you liked How easy was it to manipulate

the interaction technique? the objects with this technigue?

Ry

Py

=]

=0

=2

il
1T

favourite ravourite

Doane
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Appendix F: Post Questionnaire

e Please insert your participant ID (you must receive the participant ID from the
experimenter.
O

e Tell us about the overall experience and which techniques you liked better.
O

e What were the problems you encountered? Try to focus more on the interaction modes
rather than the game itself.
O

e Do you think your real hand was in the position of your virtual hand?
(@]
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5. Conclusion

This deliverable presents guideless to run user studies, respecting ethics protocols. The ultimate goal of
this deliverable is to build an ecosystem of trust to the XR4ED platform. For this purpose, we have collected
and reviewed information of regulation from both national and international organizations such as the IEEE
global initiative on ethics of extended reality, the World Health Organization, and the ETINED Council of
Europe Platform on Ethics, Transparency and Integrity in Education. This guidelines are of extreme
importance when it comes to running user studies and pilots with humans, and application in the education
sector. Therefore, they should be respected by the XR4ED platform since it will be used as an XR education
tool.

This document provides some useful guidelines to take into account privacy, data protection, accessibility,
and equality. To respect participants’ privacy and data protection when asking them to read and sign
documents, we recommend not asking participants for more information than what it is explicitly needed
for the pilot or study. One recommended way to do this, is to include all the medical conditions that are
incompatible with using a head mounted display (HMD) within the information provided in the consent
form and indicate very clearly that participants can leave the experiment at any time without any
explanation (even before starting it). This allows the teacher or researcher to make sure that no medical
information is being specifically gathered and thus the participant does not need to worry about how that
data could be handled, thus building trust. More specific data protection recommendation for the
participants’ data that is necessary to gather, are included in the previous deliverable D2.1.

We also provide an extensive list of safety measurements that should be considered in every XR pilot or
user study, and that should also be provided to teachers using XR in the classroom. For example, the
danger of bumping into objects when wearing an HMD that does not allow the user to see the real
environment, or the possibility in XR (both VR and AR) of confusing a virtual object with a real one and
suffering a fall when interacting with it (e.g. trying to seat down on a virtual chair or lean against a virtual
wall).

Besides providing guidelines, we have also presented a full example of a user study performed to evaluate
five interaction metaphors involving virtual humans in a scenario that could resemble a classroom. We
present the example documents required for the approval of an ethics committee, as well as the informed
sheet and consent form. We expect this full example to be a helpful guide when preparing pilots for similar
user studies.
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Appendix - Questionnaires

This appendix includes the most popular questionnaires that are typically used in VR experiences. For a
full systematic review on VR questionnaires we refer the reader to the survey by Bareisyte et al. [12].

Simulator Sickness Questionnaire:

As described in this document, the use of VR, especially when using an immersive system such as a Head
Mounted Display, can cause Motion Sickness. There in order to measure such effect, the questionnaire by
Kennedy et al. [8] recommends evaluating the following aspects:

General discomfort None Slight Moderate Severe
Fatigue None Slight Moderate Severe
Headache None Slight Moderate Severe
Eye strain None Slight Moderate Severe
Difficulty focusing None Slight Moderate Severe
Increased salivation None Slight Moderate Severe
Sweating None Slight Moderate Severe
Nausea None Slight Moderate Severe
Difficulty concentrating| None Slight Moderate Severe
“Fullness of the head” None Slight Moderate Severe
Blurred vision None Slight Moderate Severe
Dizzy (eyes open) None Slight Moderate Severe
Dizzy (eyes closed) None Slight Moderate Severe
Vertigo (Giddiness) None Slight Moderate Severe
Stomach awareness None Slight Moderate Severe
Burping None Slight Moderate Severe

Figure 18. Simulator Sickness Questionnaire

Embodiment Questionnaire

The questionnaire by Gonzalez-Franco et al. [9] should be used when self-avatars are rendered and
animated to represent the users of the VR experience.
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Appendix 2. Embodiment Questionnaire

Participant ID Condition
Please select your level of agreement with the following statements:
“During the experiment there were moments in which...

Q1. |felt asif the virtual body | saw when | looked down was my body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) 1) (o) (1) () (3)
Q2. It felt as if the virtual body | saw was someone else”
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) 1) (o) (1) () (3)

Q3. It seemed as if | might have more than one body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
{-3) (-2) (-1) (o) (1) () 3)

Q4. |felt as if the virtual body | saw when looking in the mirror was my own body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) (-1) (0) (1) (2) (3)

Q5. |Ifelt as if the virtual body | saw when looking at myself in the mirror was another

person”
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) (-1) () (1) () (3)

Q6. It felt like | could control the virtual body as if it was my own body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) (-1) (0) (1) () (3)

Q7. The movements of the virtual body were caused by my movements”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) (-1) (0) (1) () (3)

Q8. |felt as if the movements of the virtual body were influencing my own movements”
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strangly disagree somewhat neither agree somewhat agree strangly agree
disagree disagree nor disagree agree
-3) (-2) -1) (0) (1) (2) 3)

Q9. [feltasif the virtual body was moving by itself”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree

(-3) (-2) (-1) (0) (1) (2) 3)

Q10. It seemed as if | felt the touch of the in the location where | saw the virtual
body touched”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree

-3) (-2) (1) (0) (1) (2) 3)

Q11. It seemed as if the touch | felt was located somewhere between my physical body
and the virtual body”

strangly disagree somewhat neither agree somewhat agree strangly agree
disagree disagree nor disagree agree
-3) (-2) (1) (0) (1) (2) 3)

Q12. It seemed as if the touch | felt was caused by the touching the virtual body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
{-3) (-2) (-1) (o) (1) (2) (3)

"

Q13. It seemed as if my body was touching the

strangly disagree somewhat neither agree somewhat agree strangly agree
disagree disagree nor disagree agree
-3) (-2) (1) (0) (1) (2) 3)

Q1l4. |felt asif my body was located where | saw the virtual body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) (-1) (0) (1) (2) (3)
Q15. | felt out of my body”
strangly disagree somewhat neither agree somewhat agree strangly agree
disagree disagree nor disagree agree
-3) (-2) (1) (0) (1) (2) 3)

Q16. | felt as if my (real) body were drifting towards the virtual body or as if the virtual
body were drifting towards my (real) body”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
(-3) (-2) (-1) (0) (1) (2) (3)
Q17. It felt as if my (real) body were turning into an ‘avatar’ body”
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (1) (0) (1) (2) 3)
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Q18. At some point it felt as if my real body was starting to take on the posture or shape
of the virtual body that | saw”

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) -2) 1) (0) (1) 2) @)

Q19. At some point it felt that the virtual body resembled my own (real) body, in terms of
shape, skin tone or other visual features”.

strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (-1) (o) (1) (2) (3)
Q20. [ feltlike | was wearing different clothes from when | came to the laboratory”
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (-1) (0) (1) 2) @3)
Q21. “Ifelt that my own body could be affected by __ "
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (-1) (o) (1) (2) (3)
Q22. Ifelta___ sensationin my body when Isaw ___ ”
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (-1) (o) (1) (2) (3)
Q23. When ____ happened, | felt the instinctto "~
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (-1) (0) (1) 2) @3)
Q24. Ifeltasifmybodyhad _ ”
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2 (-1) (0) (1) 2) @3)
Q25. | had the feeling that I might be harmed by the __ “
strongly disagree somewhat neither agree somewhat agree strongly agree
disagree disagree nor disagree agree
-3) (-2) (-1) (o) (1) (2) (3)

Figure 19. Embodiment Questionnaire

Presence

The most popular questionnaire for measuring presence in VR was presented by Slater, Usoh and Steed
[10]. There is also an earlier version by Witmer and Singer that we refer the reader [11]. The figure bellow
shows the general questions, but they can be adjusted to the specific experiment being done.
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SLATER-USOH-STEED QUESTIONNAIRE (SUS)

1. Please rate your sense of being in the virtual environment, on a scale of 1 to 7, where 7
represents your normal experience of being in a place.

2. To what extent were there times during the experience when the virtual environment was the
reality for you?

3. When you think back to the experience, do you think of the virtual environment more as
images that you saw or more as somewhere that you visited?

4. During the time of the experience, which was the strongest on the whole, your sense of
being in the virtual environment or of being elsewhere?

5. Consider your memory of being in the virtual environment. How similar in terms of the
structure of the memory is this to the structure of the memory of other places you have been
today? By ‘structure of the memory” consider things like the extent to which you have a
visual memory of the virtual environment, whether that memory is in colour, the extent to
which the memory seems vivid or realistic, its size, location in your imagination, the extent
to which it is panoramic in your imagination, and other such structural elements.

6. During the time of your experience, did you often think to yourself that you were actually in
the virtual environment?

Figure 20. Presence Questionnaire
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