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Abstract

This study explores the level of informational granularity required when immersive technologies are integrated into BIM for
collaborative processes in public procurement. Despite advancements in immersive technologies and BIM, there is a significant
gap in the standardization and structuring of information for immersive experiences in the AEC sector. Current standards and
guidelines primarily focus on structuring and organizing data in a traditional digital environment, overlooking immersive aspects
such as representation and interaction within immersive ecosystems. This creates a disparity in the effective use of BIM with
immersive technologies. The concept of the Immersive Necessity Level was developed with the aim of addressing all the
informational gaps required by immersive ecosystems, which are not currently met by the Informational Necessity Level defined
by ISO 7817-1. Through three simulations, the study investigates how data specificity and informational granularity influence
users' immersive experiences. The findings highlight the importance of defining clear prerequisites and requirements when
outlining an informational framework using immersive technologies in conjunction with BIM methodology. This study aims to
bridge this gap by proposing a structured framework to define the levels of immersive necessity in BIM projects. Furthermore, the
research identifies challenges and potential improvements for future investigations, contributing to enhancing the standardization
and effectiveness of the use of immersive technologies in the AEC sector.
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1. Introduction

In recent years, the architecture, engineering, and construction (AEC) sector has undergone a significant
transformation with the advent of immersive technologies and Building Information Modelling (BIM). These
innovations are reshaping how professionals design, construct, and manage built environments. While the gaming
industry supports the development of immersive content and immersive level requirements with specific programmes
and standards that are well-defined and updated [1], the AEC sector still lacks standardised criteria and processes for
the use of immersive technologies [2]. This gap is becoming increasingly relevant as more powerful and affordable
tools become available [3]. The effective integration of immersive technologies with BIM methodology has the
potential to redefine communication and collaboration both on-site and, in the office, [4], facilitating rapid evaluation
of design and execution phases [5]. However, the absence of a standard for immersive representation and the
management of BIM models in the AEC sector is evident. Previous research has highlighted this gap, leading to the
formulation of the following research question: “How does the use of immersive technologies in collaborative
processes with BIM methodology require specific information and/or data to be correctly applied?” [3]. Current
standards focus on structuring and organising data and relationships in traditional digital environments, neglecting
immersive representation, which inherently has different characteristics and information requirements [6]. This gap
hinders the adoption and effective use of immersive technologies in BIM-based collaborative processes.

Our research aims to address this critical gap by exploring the level of information granularity required when
immersive technologies are integrated into BIM for collaborative processes. We introduce the concept of the Level of
Immersive Need, differentiating it from the current Level of Information Need as structured in ISO 7817-1 [7].
Through a series of simulations, we investigate how data specificity and information granularity influence users’
immersive experiences. This study employs the Design Science Research Methodology (DSRM) [8] to structure an
artefact that integrates prerequisites and requirements for immersive representation in BIM. Our goal is to provide a
framework that allows for a clear definition of immersive needs in BIM projects, facilitating more effective
implementation of immersive technologies in the AEC sector. By addressing these challenges, our research contributes
to ongoing efforts to optimise design and construction processes through the integration of immersive technologies
and BIM methodology. The document is structured as follows: Section 2 provides the background, discussing the
informational needs in the AEC sector and distinguishing between informational and immersive needs. Section 3
describes the methodology, detailing the procedural framework for immersive programming, including the case study,
prerequisites, requirements, and procurement procedures. Section 4 presents three experimental scenarios using the
case study of the Borgo Pirelli neighborhood in Milan, demonstrating the application of the framework with various
immersive tools. Section 5 discusses the results of the experiments and outlines potential future developments,
including a timeline for further research. Section 6 concludes by summarizing the key findings and their implications
for the integration of immersive technologies with BIM.

2. Background
2.1. Technical Knowledge and Information Needs in the AEC Sector

In the AEC sector, acquiring a solid foundation of technical knowledge is essential for successfully designing,
constructing, and managing buildings and infrastructure [9]. Informational need refers to the collection of data,
information, and knowledge necessary for making informed decisions in the AEC sector [10]. This may involve
researching technical information, analyzing design documents, and consulting industry guidelines and standards.
There is also a sensory and perceptual aspect, which utilizes sight, hearing, touch, and other senses, contributing to
improving the final quality of the work along with the gathered information [11,12] This type of information cannot
be adequately collected and addressed with the currently available requirements when using BIM methodology, as
specifics such as the behavior, static or dynamic, of an object or model, the relationship between object and users, and
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the characteristics of information representation (visual, auditory, or multisensory) are not defined a priori [3]. This
makes it very challenging to create an appropriate informational flow and choose the suitable equipment and tools for
the purpose [13]. Throughout this, data forms the essential basis from which all subsequent considerations derive.
From the information gleaned from data, knowledge is attained, the highest level achievable by machines, for example,
through neural networks [14]. Subsequently, the concept of consciousness arises, an attribute exclusive to some living
beings, defining information crucial for engagement based on the five senses [15], allowing for the experience of
immersion or, more precisely, immersive consciousness [16]. While machines can provide advanced functionalities
and engaging interactions, the notion of "immersive consciousness" typically remains limited to the human realm [17].

2.2. Distinguishing Information Need from Immersive Need

The Level of Informational Need can be labelled as the quantity and quality of information necessary to understand
or address a specific situation or topic to meet the cognitive needs of the user or machine [10]. The level of immersive
need, on the other hand, can be defined as the engaging experience that a person can undergo in a specific environment
or situation. This sensory engagement implies partial or complete immersion in a virtual world or experience.
Immersiveness is not directly translatable into information but concerns the representation and interactive experience
of the user with such information [14]. This distinction could help reduce inertia in the adoption of immersive
technologies in the AEC sector, expanding collaborative interactions and choices. In the context of BIM, the need for
immersive level can be defined as the ability of a model to provide an engaging experience to users, in addition to
informative knowledge [18,19]. This engagement can be achieved through the use of immersive technologies such as
virtual reality and augmented reality, allowing users to explore and interact with the BIM model at various levels of
immersion [19-21]. Therefore, the Level of Need should not only be informative and used to specify the structure,
quantity, and quality of information, but in the case of virtual environments also immersive, defining how this
information is represented and presented to the end user, structuring a real plan for immersive representation.

3. Methodology: Design Process of a procedural framework

The development of prerequisites and requirements, as shown in Figure 1, involved a comprehensive review of
existing BIM standards, ISO 7817-1, and an analysis of needs when using immersive technologies. We integrated
these elements by expanding the traditional BIM information requirements to include aspects specific to immersive
experiences, such as sensory information and user interaction. Current information practices are not sufficiently clear
for the virtual environment; therefore, we created a framework that accounts for this context. This integration process
faced challenges in balancing the specificity necessary for immersive experiences with the broader applicability
required for BIM processes. We addressed this issue by creating a flexible framework that allows customization based
on user and project needs, while still maintaining the fundamental principles of BIM. The framework is divided into
five parts, each with specifications to structure outputs useful for the next phase, as listed below:

e Case Study: This initial phase involves selecting and analysing a specific project or building, including survey
campaigns and BIM modelling. It provides the foundation for subsequent immersive representations.

e Definition of Prerequisites and Requirements: This crucial step involves defining the informational and
immersive needs. It covers aspects such as purpose, timelines, involved stakeholders, and the nature of the
immersive experience.

e Information Exchange Processes: This part focuses on defining protocols for sharing and collaborating on the
immersive BIM model, ensuring smooth communication among all stakeholders.

e Tender Procedure: This section adapts traditional BIM tender processes to incorporate immersive
requirements, including the development of Exchange Information Requirements (EIR) that consider
immersive aspects.

e Iteration: The final part involves a cyclical process of testing, evaluation, and refinement. It allows continuous
improvement of the immersive BIM workflow based on practical application and user feedback.

Through this framework, we aim to obtain the information needed to design a plan for representing information in
a digital environment, which can be traditional or advanced immersive, depending on the outlined purposes.
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Fig. 1 A procedural framework for immersive programming in virtual environments.
3.1. Case studies: Survey and Modelling

The first section of the framework involves choosing a case study. In our specific case, we focused on the Borgo
Pirelli district in Milan [22], where several survey campaigns were conducted using laser scanning equipment on some
sample buildings, followed by modeling through Autodesk Revit. The ultimate goal was to create simulations for
visualizing a BIM model and the context within a service conference for a feasibility study and make aligned and clear
decisions regarding the current state. The survey campaign was set up with a Leica RTC 360 scanner and a Leica
BLK2GO laser. The campaign involved five sample buildings, mapping the 5 typologies that make up the district. The
point clouds obtained were pre-aligned cloud to cloud in situ with the Cyclon FIELD app and then registered with
Register 360. The resulting point clouds were exported in an interoperable format (.e57) and imported into Autodesk
Recap to be read during modeling in Revit. Once modeled, the five buildings were georeferenced, creating a file
containing the master plan. At this point, the objective was to test the framework and its implementation phases with
immersive technologies.

3.2. Prerequisites

Starting from the guidelines established in the ISO 7817-1 standard, which provides an initial definition of the
concept of "Level of Information Need," we have developed a series of prerequisites and requirements. These have
been formulated considering a wide range of aspects already examined during the analysis of literature and regulatory
context [3]. To this end, the following specific prerequisites and requirements have been identified in combination
with BIM and immersive technologies, as follows. For each informational specification (Why, When, Who, and What),
not only traditional digital environments are considered, but also the potential of advanced immersive technologies. In
this regard, prerequisites are structured with a more detailed informational granularity, Table 1, considering some
aspects that were previously unexplored.

e  Purpose (Why?): Specifies the reason why information is required, often linked to BIM uses such as
visualization, coordination, management. This varies depending on the project phases, such as planning,
design, construction, management, and use.

e Timing (When?): Indicates when information is required, such as in design phases or at specific dates. This
phase is crucial for setting project timelines and is divided into temporal definition and activation sequence.

e Actors (Who?): Defines the professional figures involved in the process or specific phases, such as client and
designer, considering their role, responsibility, training, and personal skills.

e Object (What?): In the ISO 7817-1 standard, refers to what the Level of Information Need is associated with.
The object is not only the element (e.g., door, floor, wall, installations) we are accustomed to, but it has a
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broader significance, including parts, systems (e.g., ventilation system), or entire buildings [10]. In this case,
"object" takes on a broader meaning, not only referring to an object or a system of objects but also to the
immersive experience and sensations of users, so we can define it as an immersive ecosystem (Figure 2).

Tab. 1 Information table of prerequisites.

PREREQUISITES
Purpose (Why?) Planning
Milestone (When?) Ten’lpor'al definition Timeline.
Activation sequence
Roles
Responsibility
b3
Actor (Who?) Training
Skills
Immersive Experience Activate or Passive
. Sensory Information Monosensory or Multisensory
Object (What?) ) Content: Real, Digital or Virtual
Immersive Ecosystem Enviroment: Real, Digital or Virtual

In an advanced immersive environment, if required, some or many of the information used in the traditional digital
environment may not be helpful or may be limiting, as the informational framework appears incomplete and subject
to the discretion of each actor who can interpret it freely. It is for this reason that we wanted to integrate the framework
of prerequisites and requirements, to have a complete framework even when working with advanced immersive
environments. The implementation of these prerequisites in the BIM process presented challenges, particularly in
aligning the requirements of the immersive experience with existing BIM workflows. We addressed this issue by
creating a parallel structure that integrates rather than replaces the traditional BIM information requirements. This
approach allows for seamless integration while providing the additional details necessary for immersive applications.

3.3. Requirements: Informative and Immersive Level

The requirements represent, in a certain sense, the operational part of the process where specific granularity is given
to all information. Current regulations divide the type of exchanged information, define the concepts, and how the
level of information need can be satisfied, through Geometric Information, Alphanumeric Information, and
Documentation. However, these concepts are addressed on a scale of traditional information representation, whereas
if we talk about immersiveness, with virtual worlds and state-of-the-art immersive technologies, the lack of specific
requirements [23] is evident. Finaly, it is necessary to distinguish between information that has the object's virtual or
real scale (depending on the chosen flow) from sensory-perceptual information (obtained through tools, sensors, etc.).
This is important because when discussing the level of information need, it only presupposes an object or system (set
of objects). While if we talk about immersiveness, we cannot only talk about the object, but virtual ecosystems must
be defined, composed of users, environments, and models, which together must also produce "perceptive-sensory"
information [24]. In this regard, the information requirements of the ISO 7817-1 standard do not meet all the criteria
when representing an immersive ecosystem, as can be easily understood from Figure 2. They have therefore been
reviewed and implemented to be evaluated with simulations during application with immersive technologies. The
integration of immersive requirements allows managing a series of data derived from immersive technologies within
the BIM methodology without which each user should hypothesize their existence from time to time, creating
vocabulary, interpretation, representation, and other issues [3,25]. Table 2 lists the informational and immersive
requirements hypothesized by us. The structuring of these requirements represents an exercise in designing an
information representation plan, where it is essential to consider different aspects such as behaviour, characteristics,
content, and relationships. Currently, in the BIM context, it is not clearly defined how information should be
represented and exchanged in an immersive environment, so it is necessary to identify the information needed for each
specific phase of the process. It is important to note, from Table 2, that the informational/immersive levels are divided
into membership classes, identified in four areas: Information Behaviour, Characteristics of Information, Informative
Content, and Informative Relationship. For each class, a specific membership level is defined, and, in turn, for each
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level, the related required information is specified. Some of this information is derived from the existing ISO 7817-1
standard, while some are structured based on previously conducted analyses [3]. This study aims to address the existing
gap in literature by establishing structured informational frameworks that will subsequently be implemented in specific
case studies on immersive representations, enabling the evaluation of their outcomes.

Level of Immersive Need

L ), (Content)

ISO 78171

Fig. 2 Immersive Ecosystem.

Defining immersive requirements posed significant challenges, as there were no existing standards to follow.
We overcame this issue by drawing on best practices from other disciplines, such as gaming, and through tests and
pilot projects conducted in our previous studies. A key challenge was ensuring that the immersive requirements
remained relevant and applicable to different types of projects and immersive technologies. We addressed this by
creating a modular framework that can be adapted to specific project needs, while maintaining a consistent basic

structure.

Tab. 2 Information framework for defining information and immersive requirements.

REQUIREMENTS
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Static
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3.4. Standard procurement procedure and Iteration

Once the prerequisites and requirements are structured, the practical procedure, during public tenders with BIM
methodology, involves defining an EIR (Exchange Information Requirement) that collects not only informational and
immersive contents but also a series of external documents reflecting Commercial, Management, and Technical parts
(OIR - Organizational Information Requirements; AIR - Asset Information Requirements; PIR - Project Information
Requirements). Subsequently, during the proposal phase by the competitors, the technical information offer must
conform to the EIR and the specification previously developed by the client, and then, after the award, the information
plan must follow the same requirements and prerequisites required upstream. This process should include requirements
and prerequisites that take into account the immersive aspects previously investigated. Without initial guidelines, the
production and exchange of information defined by the EIR for immersive technologies do not allow the drafting of
specific plans structured for these purposes. This can create a cycle of limitations for contractors, both in pre-
contractual and post-contractual phases (Information Management Offering — IMO and Information Management Plan
- IMP), impairing the entire production cycle of a work. Consequently, the lack of clear and specific parameters and
requirements can slow down the effective adoption of these technologies. Following the Design Science Research
Methodology (DSRM), a phase of verification and control of the results is foreseen, and if necessary, possible
adjustments with related iterations in the cycle described above to improve and adjust prerequisites and requirements,
and consequently all the subsequent documentation described above. It should be noted that in this research project
only phases one, two, and five of the framework have been implemented. Therefore, any future developments in
collaboration with public administrations may also consider a complete analysis structure.

4. Experiments and simulations with Case Study

In addition to establishing a structure of prerequisites and requirements, it was essential to define a format that was
compatible with the requests of prerequisites and requirements, along with a standard that enabled operability and
fostered interoperability among the platforms and tools used by stakeholders. To this end, the standard identified for
managing tools and software is OpenXR, an open standard specification developed by an industry consortium,
including the Khronos Group, to enable the creation of augmented reality and virtual reality applications compatible
with a wide range of devices and platforms [18]. As for the format, we sought an open format that was fully
interoperable with the AEC industry and allowed for easy collaboration, management of static and animated models,
and an intuitive user interface. The USD (Universal Scene Description) format, developed by Pixar Animation Studios
for representation, has proven to be the most suitable for our purposes.

4.1. Simulation A

Fig. 3 (a) Virtual theater photo; (b) Screenshots of the simulations during the collaboration phase with the viewers in Omniverse.

In this initial simulation, we have elaborated the following considerations regarding the structuring of prerequisites
and requirements. Regarding the purpose, we hypothesized a visual analysis of individual buildings. Since we were in
a preliminary hypothesized phase, we did not deem it necessary to define milestones, while the actors involved were
researchers in the field of architecture and engineering, equipped with specific and advanced skills to effectively
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outline this initial simulation, Figure 3. Concerning the object, we envisaged an analysis of individual buildings
through a mixed immersive experience, involving interactive and collaborative interactions between the model and
users. Additionally, we hypothesized the use of a single source of sensory information, limited to the sense of sight.
The immersive ecosystem was virtually conceived as a series of immersive sessions, each focused on an individual
unit (building), as well as the external environment.

In the subsequent phase of our work, we proceeded with structuring the requirements, which involved a detailed
definition of information divided between content and the surrounding environment. These elements, along with the
user previously defined by the prerequisites, constitute our virtual ecosystem with which we interact through
immersive tools and technologies. Specifically, in this simulation, we focused exclusively on the content, as we
hypothesized that the reproduced environment was not essential and therefore did not require modelling or detection.
The informational behaviour of the model during the immersive session was configured as static, without animations.
Regarding the characteristics of the information, we limited ourselves to the visualization and interaction with meshes
and parametric elements, excluding audio and advanced sensors. Regarding the informational content, we based
ourselves on the ISO 7817-1 standard, integrated with some additional specifications such as the graduated scale of
textures, lighting, and depth of field. Finally, concerning the interaction with the information, we envisaged the use of
a standard method with controllers, keyboard, and mouse. The setting of prerequisites and requirements has resulted
in a clear definition not only of the necessary information but also of the most suitable tools. Particularly, for interaction
with the model, user collaboration, virtual environment, and management of all the aforementioned requirements, we
identified the headset as the ideal tool. Therefore, we chose to use the Meta Quest 2.

In this phase, we exported the BIM model from Autodesk Revit 2024 to the USD format, through the plugin
available in NVIDIA Omniverse. Omniverse is a 3D simulation and collaboration platform that allows users to create,
share, and render virtual environments in real-time. It is designed to provide an immersive and collaborative experience
for professionals and developers. Subsequently, we installed Nucleus Navigator and Drive Beta within the Omniverse
Launcher library. These two extensions allow the creation of a cloud server and groups for sharing in the virtual
environment. Once the devices were connected, we initiated collaboration with two users.

4.2. Simulation B

Fig. 4 (a) Photo portraying the user while walking inside the virtual theatre; (b) Omniverse setup.

In the context of simulation B, Figure 4, we modified the structure of prerequisites and requirements compared to
simulation A. The purpose remains a visual analysis of the buildings, extended to the surrounding environment. We
did not define timings, remaining in a hypothetical phase, and the actors involved were three researchers. The analysis
involves a collaborative immersive experience without direct interaction with the model, but with the ability to move
within the environment. We hypothesized the use of only one sensory source, limited to sight. The immersive
ecosystem was conceived as a single entity, including the individual units modelled previously. Compared to the
previous case, we structured different prerequisites and informational requests to obtain a more comprehensive virtual
ecosystem, focusing on both content and the surrounding environment. The informational behavior of the model was
configured as static without animations, with limitations on visualization and exclusion of audio and advanced sensors.
We detailed the informational content, including details, dimensionality, textures, lighting, not only for the content but
also for the surrounding environment. For interaction, we envisaged the use of a VR platform to allow users to walk
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within the model, simulating the physical experience. The results thus suggested the use of the Virtual Theater at the
Labora Laboratory of the Politecnico di Milano since direct interaction with the model was not expected.

Regarding the walking hypothesis, we integrated a specific Toolkit of the Cyberith Virtualizer ELITE 2, thereby
enabling this functionality. During this phase, we utilized the BIM models previously exported to the USD format via
the plugin available in NVIDIA Omniverse. Subsequently, we reconstructed the surrounding environment using the
Cesium ion plugin for Omniverse, which allows the recreation of the entire 3D context using Google Maps 3D or Bing
data. At this point, the USD file containing all the information was imported into Unity (the software with which the
Virtual Theater interacts for model visualization) via the plugin present in the Omniverse Launcher library, and we
initiated the simulation.

4.3. Simulation C

Fig. 5 (a) Hologram Table photo; (b) Screenshots during the collaborative phase of viewing and interrogating the BIM model.

Finally, we have reviewed the prerequisites and requirements, this time considering the visualization of the BIM
model not only from a geometric standpoint but also from an informative one, Figure 5. Regarding the purpose, we
have maintained the hypothesis of a visual analysis of the buildings, but we have added the necessity to also display
the parameters associated with the geometries. We have not defined any timelines as we are still in hypothetical
simulations, and the involved actors have remained the same. The analysis entails a collaborative and iterative
immersive experience with the model, allowing users to manipulate objects as in the simulation of the previous
simulation A. We have hypothesized the use of a single source of sensory information, limited to the sense of sight.
The immersive ecosystem has been virtually conceived as a single entity (building), without modeling the surrounding
environment. In structuring the requirements, we have focused on the visualization of parameters and collaborative
interaction among multiple users. The informative behavior of the model during the immersive session has been
configured as static, without animations, and we have excluded audio and advanced sensors. The informative content
has focused on the alphanumeric and geometric part, including details, dimensionality, texture, lighting, etc. For
interaction with the information, we have envisaged the use of traditional controllers. For interaction with the model
and reading of the parameters, the data directed us towards the use of the Hologram Table at the Labora Laboratory of
the Politecnico di Milano. Visors could also be a valid alternative, but they presented limitations in reading BIM
parameters. In this phase as well, we utilized the BIM models previously exported to the USD format via the plugin
available in NVIDIA Omniverse. To implement the projects within the Hologram Table, we used the template
provided by the parent company EuclideonHolotableToolkits, onto which the USD models were imported.
Subsequently, we performed the project build and initiated the simulation.

5. Results and Future Developments

From the described simulations, it becomes evident that the granularity of the information required for a model
varies based on the specificity of each simulation. Elements such as behaviour (static or dynamic), related geometric
information, and the clear definition of environmental boundaries are essential for visual simulations or virtual
immersions but may not be included in the BIM model. Defining a level of informational and immersive needs can
facilitate the creation of comprehensive immersive simulations in terms of data for future use.
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Through the three case studies, we confirmed this possibility. The clear definition of prerequisites and informational
and immersive requirements allowed for a better understanding of the necessary data and the most suitable tools for
each simulation. The choice of tools was guided by the specificity of the informational and immersive requirements.
For example, we selected headsets for simulation A, favouring model interaction and collaboration; Virtual Theater
for simulation B, facilitating collaboration and walking simulation; and finally, the Hologram Table for simulation C,
to enhance interaction with the model and the reading of BIM parameters. We also identified some issues and potential
improvements to address in the future. It emerged that prerequisites and requirements should be defined before the
start of the survey campaign, as indicated in Table 3, and not only afterwards. The variable use of immersive
prerequisites and requirements has different impacts on the objects, tools, and users involved. The integration of these
prerequisites and requirements into the BIM process revealed challenges in data management and interoperability.
Existing BIM software and processes are not always equipped to handle the additional data required for immersive
experiences. We are addressing this issue through ongoing research on data structuring. Furthermore, the subjective
nature of immersive experiences poses challenges in standardizing requirements. We are developing more robust user
testing protocols to better quantify and standardize this subjective data.

Tab. 3 Simulation workflow A, B, C and updated workflow.
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After this consideration the Level of Immersive Need cannot be standardized, as during the immersive phase there
is a subjective component that leads to personalized perceptions of the experience, varying from user to user. However,
keeping the goal fixed, everyone’s attitude modifies the Level of Immersive Need. Therefore, it is necessary to broaden
the validation test by involving a greater number of volunteers with diverse skills and ages. It is crucial to structure a
questionnaire to collect data and validate the experience of each user, to obtain a more comprehensive overview of the
framework functioning and immersive requirements. Additionally, the prerequisite defining the timing in simulations
should be considered for future developments, as it could have a significant impact [26]. Of fundamental importance
for the validation of the structured framework will be the expansion of the number of tests across a greater number of
case studies and pilot projects to ensure its robustness and applicability in various contexts. Including additional case
studies covering a wider range of sectors and applications can help validate the flexibility and applicability of our
framework. Implementing the framework in new contexts such as new residential construction, the healthcare sector,
and large-scale infrastructure projects could provide more robust validation. Initiating pilot projects that involve
partnerships with industry companies and public administrations to test the framework in real-world scenarios will be
crucial. Involving universities and research institutes to develop further comparative studies that analyze the
framework's effectiveness in various environments and with different users, even under different regulatory contexts,
through controlled experiments and longitudinal studies, will provide detailed data on the use and impact of the
framework. Each new case study should be designed to test specific aspects of the framework, providing useful
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comparative data. Further research could focus on evaluating the impact of immersive technologies on user
productivity. Through longitudinal studies, we can determine if and how these technologies affect workflow and
project outcomes. The developments foresee a timeline developed over the next five years, divided as follows:

e In the first year, it is planned to expand the number of validation tests with a greater number of volunteers to
widen the user base for framework validation.

e In the second and third years, the priorities will be the development and implementation of advanced sensors
and the initiation of new case studies in different sectors.

e In the third and fourth years, the focus will be on the study of optimizing multi-user interaction and the
evaluation of the impact of immersive technologies on productivity. Finally, in the fourth and fifth years, the
analysis and publication of the results obtained from the expanded case studies will be conducted, along with
the continuous review and improvement of the framework based on the feedback collected.

6. Conclusions

Throughout our research, we adopted a method to validate the framework consisting of structuring different
simulations, starting from the previously outlined case study. We simulated a collaborative meeting for the preliminary
planning of a project, during which we hypothesized various prerequisites and requirements. We also introduced the
concept of Level of Immersive Need, which differs from Level of Information Need due to its inclusion of a set of
prerequisites and information requirements specific to the immersive phases. Therefore, if users need to operate in
traditional digital environments, they can refer to the Level of Information Need. However, if virtual environments
are involved, the structure of the immersive Level of Immersive Need allows managing the information process for
this specific purpose. Subsequently, we evaluated the effects of variations in prerequisites and requirements on the
final instrumentation and the immersive ecosystem being outlined. This approach allowed us to gain a better
understanding of the impact of variations in prerequisites and requirements on the proposed final solutions, providing
us with useful insights to optimize the decision-making process and improve adoption in the context of immersive
technologies. The importance of these results and considerations will be an integral part of the continuation of our
research. We plan to implement a broader validation process involving a larger number of volunteers and using
specific questionnaires to collect feedback and assess the effectiveness of the framework in diversified contexts.
Additionally, corrections identified in this initial phase will be made, and current simulations and case studies will be
implemented. This will enable us to obtain more robust verification data in both qualitative and quantitative terms.
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