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A proposal for an integrated framework for immersive 
technologies 

 

Guillem Bacete (Culturalink & INNOPAC) 

Chuan Li (Culturalink & INNOPAC).  

Pau Díaz Solano (Universitat de València & INNOPAC) 

Fernando Álvarez Teresa (Universitat de València & INNOPAC) 

 

1. Introduc�on: problems and objec�ve 

Recent years have witnessed a fast-growing interest in immersive technology among 

scholars and prac��oners. The term immersive technology originates from the first 

prototype of human- computer interac�on in the mid-20th century (Sutherland, 1964), 

and today it commonly represents any technology capable of providing computer-

generated s�mula�ons with physical, spa�al and visual dimensions (Suh and Prophet, 

2018), such as virtual reality (VR), augmented reality (AR), mixed reality (MR), and others 

that are considered to lie in the virtuality con�nuum (Milgram and Kishino, 1994). Today 

immersive technologies are being widely leveraged to enhance user experience and 

ul�mately improve innova�on and compe��veness in a range of sectors and fields, from 

educa�on (Rodriguez-Ardura & Meseguer-Artola, 2019; Tang et al., 2020; Wu et al., 

2013) and health care (Tang et al., 2022) to tourism (Beck et al., 2019; Gutentag, 2010; 

Pra�sto et al., 2022) and video games (Jennet et al., 2008; Michailidis et al., 2018; 

Nilsson et al., 2016). While there is an increasing awareness and capacity for the use of 

immersive technologies, in prac�ce, however, theore�cal research in this area has 

rela�vely lagged. Three significant problems can be no�ced as follows. 

First of all, the defini�on of immersive technology remains vague and imprecise. Most 

defini�ons in current literature have opera�onal features to fit specific research 

purposes, while any scien�fic defini�on is s�ll missing, as evidenced by its frequent 

overlap with VR (Slater and Sanchez-Vives, 2016), its confusion with “presence”, 
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“engagement” and “involvement” (Nilsson et al., 2016) and its misuse in the crea�ve 

field to represent interac�ve and inclusive technologies (Carrozzino & Bergamasco, 

2010; Gutentag, 2010; Jung et al., 2016). Secondly, the interplay between technology 

and humans has been generally neglected in the exis�ng literature. While the roots of 

immersive technology lie in computer-human interac�on, and both technology and user 

factors have been well studied respec�vely, how technology and people interact to 

achieve immersive outcomes is o�en treated as a black box that is outside the focus of 

research. Last but not the least, the applica�on of immersive technology in cultural and 

crea�ve sectors is not fully explored, in spite of that cultural and crea�ve sectors are 

largely characterised by an experience economy, in which immersive technologies can 

play a crucial role. 

To address the aforemen�oned problems and bridge the exis�ng gap, our research 

endeavours to develop an integrated conceptual framework that synthesises current 

technological and psychological approaches to immersive technology. This framework 

aims to enhance our understanding of immersive technologies and facilitate the 

observa�on and explana�on of the dynamic interplay between technology and humans 

in immersive genera�ve processes. 

2. Methodology 

To establish a solid founda�on, a literature review will be first conducted to delve into 

the exis�ng technological and psychological perspec�ves surrounding immersive 

technology, with the main aim of extrac�ng a synthe�c conceptual defini�on, which 

gives importance to the interac�ve process between the technology and the user as the 

fundamental basis for the framework to be proposed. By defining immersive technology 

as an intersec�on between immersion and technology, a knowledge-based approach will 

be employed to deconstruct a technology into three knowledge bases: hardware, 

so�ware and know-how, which subsequently results in four cross-cu�ng technological 

domains: namely (1) interoperability (hardware + so�ware), (2) op�misa�on (hardware 

+ know-how), (3) environment (so�ware + know-how) and (4) experience (hardware + 

so�ware + know-how). Based on this, further efforts will be given to the analysis of 
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features and func�ons of these four domains, as well as the possible role of users (i.e., 

developer and audience) in each domain to enable immersion genera�on. 

 

3. Results 

3.1. Immersive technology based on the technology-human interaction 

Immersive technology has its roots in the first prototype of computer-human interac�on 

(Sutherland, 1964). Technology-centred and human-centred approaches have 

historically developed separately, o�en compe�ng rather than merging, in an effort to 

gain a deeper understanding of immersive technology. While the technology-centred 

approach focuses on the technical features of immersive environments and requires the 

use of different sensory devices to make users interact with ar�ficial informa�on (Rubio-

Tamayo et al., 2017), the human-centred approach concentrates on the psychological 

state and subjec�ve state of individuals interac�ng with virtual environments, in terms 

of their mental investment and engagement in the ac�vi�es(Agrawal et al., 2020). There 

are both differences and commonali�es between the two approaches, as shown in Table 

1. They converge in their understanding of the nature, prerequisite and mechanism of 

immersive technology, while diverging in their views on the property, source, isola�on 

technique, the roles of users and technology and content of immersive technology. 

Based on their commonali�es, it can be assumed that immersive technology is 
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essen�ally a technology-human interac�on, where immersive outcomes result from the 

isola�on of the users from irrelevant s�muli and the degree of immersion depend to 

some extent on the fidelity of the s�muli and fluid response. In other words, immersive 

technology can be understood as the collec�on of technical elements that mediate 

between the user and a virtual object or environment through the display of sensorial 

s�muli, which drives the user´s aten�on and elicit a sense of involvement in displayed 

contents. 

3.2. Three knowledge bases of immersive technologies 

Immersive technology is a special type of technology that contains both the essen�al 

characteris�cs of technology and the specificity given to it by immersion. Technology 

includes all the skills, knowledge, procedures, and contribu�ons acquired for making, 

using and doing useful things (Chandra & Zulkieflimansyah, 2003). Knowledge exists in 

different forms, including tangible and intangible, hard and so�, codified and tacit, and 

explicit and implicit (Polanyi, 1997). From a knowledge-based perspec�ve, immersive 

technology is composed of at least three bases of knowledge, as follows: 

● Hardware. It is the tangible knowledge comprising the set of instruments and 

devices or equipment used in a system that enables its opera�on. In this sense, 

the different devices within the system determine its capabili�es, in terms of 

storage, processing power, tracking (input data) and rendering (output data). 

Moreover, the different input/output devices allow the system to s�mulate 

different senses. For example, a system equipped with stereoscopic vision 

displays, spa�al audio or hap�c interface has the ability to generate visual, 

auditory and tac�le s�muli. Therefore, hardware characterizes the system's 

capacity, in terms of the array of supported ac�ons and the available sensory 

s�mula�on possibili�es or sensory-motor con�ngencies (Slater, 2009). 

● So�ware. It refers to the intangible, technical artefacts such as programs, 

algorithms and other data structures embedded in a database that enable the 

system’s func�onality. So�ware is at the intersec�on between the hardware and 

the user. On the one hand, the controller so�ware regulates the hardware 
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through a set of instruc�ons and rou�nes to provide an appropriate response to 

user cues. On the other hand, programs and applica�ons include the data that 

provide the interface, allowing the user to interact with the system. The so�ware, 

therefore, carries the content represented in the immersive system, with which 

the user interacts, such as graphics or audio, and the instruc�ons for the system 

to execute it in a way that is harmonious and comprehensible to the user. Thus, 

so�ware features the system performance, in terms of effec�veness and 

efficiency. 

● Know-how. It is a specific component that encompasses the skills and exper�se 

from different domains used in the design, development and opera�on of a 

system to elicit immersion within the user. In other words, know-how enhances 

the immersive poten�al of the system and content. Know-how applies the 

understanding of how technology affects the user and what different pathways 

or mechanisms can be used by technology to elicit immersion. These 

mechanisms are essen�ally mul�-sensory s�mula�on, which depends on the 

sensory-motor con�ngencies supported by the system, and mental absorp�on, 

resul�ng from the content's features and its narra�ve richness or the challenge 

it presents (Agrawal et al., 2020). Know-how can be sorted in terms of technical 

know- how (system’s immersive poten�al) and crea�ve know-how (content’s 

immersive poten�al). 

3.3. Four domains for technology-human interaction 

There are four knowledge domains that can be iden�fied in terms of different 

combina�ons of knowledge bases. 

● Interoperability. The combina�on of hardware and so�ware results in the 

interoperability between the different system components, an essen�al feature 

of immersive technology that describes the extent to which an immersive system 

works in a comprehensive and harmonic manner. This domain represents the 

configura�on of the immersive system and its opera�onal capabili�es. A system 

is a heterogeneous set of hardware and so�ware components whose purpose is 
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to establish the interac�on between the user and the content. With this aim, the 

various components must communicate and coordinate effec�vely, ul�mately 

working together to respond seamlessly and cohesively to user cues. 

● Op�misa�on. It is the result of applying technical know-how to hardware with 

the aim of improving the performance of the equipment and subsequently its 

effec�veness in genera�ng immersion. This domain involves the selec�on and 

configura�on of equipment to maximise its performance at both device and 

equipment levels. At the device level, op�misa�on adjusts opera�ng parameters 

to increase the efficiency of devices or to introduce improvements. At the 

equipment level, op�misa�on addresses the characteris�cs of the space where 

the immersive experience will take place to select an op�mal composi�on of 

hardware (i.e. the type and a number of hardware components required for a 

given space of interac�on) and its calibra�on (i.e. the fine-tuning of the input 

devices or sensors). 

● Environment. Applying crea�ve know-how to so�ware aims to generate an 

interac�ve virtual environment that contains virtual elements with which the 

user can interact. The environment integrates a technical dimension and a 

content dimension. The technical dimension involves the characteris�cs of the 

database in terms of language, programs, and opera�ons that generate the 

virtual environment, which affects how the user interacts within the virtual 

environment, as the so�ware represents in the virtual environment the data it 

receives from sensors. The content dimension addresses content in terms of its 

typology, such as the plot and events that unfold during the interac�on, or the 

level of challenge presented by the ac�vi�es in which the user is involved. The 

results are not uniform, as they depend on the user's characteris�cs to generate 

immersion. The content may have richness in the narra�ve aspect and yet fail to 

engage the user in the plot if it is not of interest to the user. 

● Experience. The combina�on of the three components of immersive 

technology is 
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designed to provide an immersive user experience. To do this, these technology 

components have to be combined synergis�cally to maximise the immersive poten�al of 

the system and content. The fluidity and naturalness of interac�on, the ability of the 

system to isolate the user from irrelevant s�muli, the intui�ve use of the system and the 

way in which content is presented to the users are features of the system that facilitate 

the user immersion. However, achieving user immersion during the experience is 

complex and depends on mul�ple factors, over which technology does not have direct 

control, as part of it relies on the user. 

3.4. The role of users 

The use of immersive technology is twofold: one the one hand, it is used by producers 

to generate immersive outcomes; on the other hand, it leads to immersive experience 

consumed by end-users. Producers are users who use their technical and crea�ve skills 

to develop immersive experiences, based on their area of exper�se, while end-users are 

consumers and recipients of the immersive experience, although this depends on the 

target persona, in the cultural sphere they are usually the visitors to a facility such as a 

museum. Producers and end-users contribute to immersive genera�ve processes from 

producing and demand perspec�ves respec�vely. 

• In the interoperability domain, producers enable an op�mal opera�onal 

capacity by se�ng up communica�on protocols and compa�bility among these 

components in advance; end-users o�en need play a role as external device 

accessor with their equipment like smartphone, which can affect the final 

experience. 

• In the op�misa�on domain, producers need u�lise their exper�se and skills to 

ensure an op�mal combina�on of hardware by considering (1) the features of 

the space where the immersive experience will take place to decide the 

equipment composi�on and (2) parameter adjust for an accurate tracking. End-

users have not a specific role in the op�misa�on, as they may not have the 

necessary skills to adjust hardware, but their feedback is cri�cal for hardware 
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development, especially in terms of ergonomics and design features aiming to 

reduce physical discomfort. 

• In the virtual environment domain, producers create the virtual environment 

by integra�ng the technical and crea�ve dimensions of immersion, based on both 

so�ware development and programming and arts and crea�vity. End-users 

explore the possibili�es and limits of the virtual content, helping to iden�fy 

botlenecks and glitches. 

• In the experience domain, producers conceive the immersive experience from 

a holis�c perspec�ve, in terms of the capabili�es offered by the immersive 

system, how the content is integrated into the system, and what mechanisms are 

employed to facilitate consumer immersion. End-users, therefore, have the role 

of a testers, interac�ng with the content. Through their ac�ons during the 

interac�on, immersion is progressively generated. 

Figure 1. Four interac�on domains of immersive technologies in terms of three 

knowledge bases. 

4. Final remark and future work 

Our research intends to propose an integrated framework for beter understanding 

immersive technology by synthesising exis�ng technological and psychological 
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perspec�ves while emphasising the interplay between technology and user in the 

immersive genera�ve processes. By adop�ng a knowledge-based approach, we consider 

immersive technologies as collec�ons of tangible and intangible knowledge carried by 

both producers and users, thus crea�ng a theore�cal space that makes possible the 

interac�on of technology with humans. This framework can benefit the analysis and 

evalua�on of the use of immersive technologies in experience-based sectors, such as 

cultural and crea�ve sectors. However, the proposed framework is largely theory- driven 

and needs to be further tested and validated with empirical cases, which is the focus of 

our further work. 

REFERENCES 

Agrawal, P. S., Simon, A., Bech, S., Baerentsen, K., & Forchhammer, S. (2020). Defining 

Immersion: Literature Review and Implica�ons for Research on Audiovisual Experiences. 

J. Audio Eng. Soc, 68(6), 404-417. htps://doi.org/10.17743/jaes.2020.0039 

Beck, J., Rainoldi, M., & Egger, R. (2019). Virtual reality in tourism: A state-of-the-art 

review. TOURISM REVIEW, 74(3), 586-612. htps://doi.org/10.1108/TR-03-2017-0049 

Carrozzino, M., & Bergamasco, M. (2010). Beyond virtual museums: Experiencing 

immersive virtual reality in real museums. Journal of Cultural Heritage, 11(4), 452-458. 

htps://doi.org/10.1016/j.culher.2010.04.001 

Chandra, A., & Zulkieflimansyah. (2003). The dynamic of technological accumula�on at 

the microeconomic level: Lessons from Indonesia-a case study. Asia Pacific Management 

Review, 8(3). 

Gutentag, D. A. (2010). Virtual reality: Applica�ons and implica�ons for tourism. 

Tourism Management, 31(5), 637- 651. htps://doi.org/10.1016/j.tourman.2009.07.003 

Jennet, C., Cox, A. L., Cairns, P., Dhoparee, S., Epps, A., Tijs, T., & Walton, A. (2008). 

Measuring and defining the experience of immersion in games. Interna�onal Journal of 

Human-Computer Studies, 66(9), 641-661. htps://doi.org/10.1016/j.ijhcs.2008.04.004 



 

Rethinking clusters 2023 Page 67 

 

Jung, T., tom Dieck, M. C., Lee, H., & Chung, N. (2016). Effects of Virtual Reality and 

Augmented Reality on Visitor Experiences in Museum. En Informa�on and 

Communica�on Technologies in Tourism 2016 (pp. 621-635). Springer Interna�onal 

Publishing. htps://doi.org/10.1007/978-3-319-28231-2_45 

Michailidis, L., Balaguer-Ballester, E., & He, X. (2018). Flow and Immersion in Video 

Games: The A�ermath of a Conceptual Challenge. Fron�ers in Psychology, 9. 

htps://www.fron�ersin.org/ar�cles/10.3389/fpsyg.2018.01682 

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. IEICE 

TRANSACTIONS on Informa�on and Systems, 77(12), 1321-1329. 

Nilsson, N. C., Nordahl, R., & Serafin, S. (2016). Immersion revisited: A review of exis�ng 

defini�ons of immersion and their rela�on to different theories of presence. Human 

Technology, 12(2), 108-134. htps://doi.org/10.17011/ht/urn.201611174652 

Pra�sto, E. H., Thompson, N., & Potdar, V. (2022). Immersive technologies for tourism: A 

systema�c review. Informa�on Technology & Tourism, 24(2), 181-219. 

htps://doi.org/10.1007/s40558-022-00228-7 Rodriguez-Ardura, I., & Meseguer-Artola, 

A. (2019). Immersive Experiences in Online Higher Educa�on: Virtual 

Presence and Flow (A. Visvizi, M. D. Lytras, & L. Daniela, Eds.; p. 202). 

htps://doi.org/10.1108/978-1- 78756-555-520181014 

Rubio-Tamayo, J. L., Barrio, M. G., & García, F. G. (2017). Immersive Environments and 

Virtual Reality: Systema�c Review and Advances in Communica�on, Interac�on and 

Simula�on. Mul�modal Technologies and Interac�on 2017, Vol. 1, Page 21, 1(4), 21-21. 

htps://doi.org/10.3390/MTI1040021 

Slater, M. (2009). Place illusion and plausibility can lead to realis�c behaviour in 

immersive virtual environments. Philosophical Transac�ons of the Royal Society B: 

Biological Sciences, 364(1535), 3549-3557. htps://doi.org/10.1098/rstb.2009.0138 

Slater, M., & Sanchez-Vives, M. V. (2016). Enhancing Our Lives with Immersive Virtual 

Reality. Fron�ers in Robo�cs and AI, 3. htps://doi.org/10.3389/frobt.2016.00074 



 

Rethinking clusters 2023 Page 68 

 

Suh, A., & Prophet, J. (2018). The state of immersive technology research: A literature 

analysis. Computers in Human Behavior, 86, 77-90. 

htps://doi.org/10.1016/J.CHB.2018.04.019 

Sutherland, I. E. (1964). Sketchpad a Man-Machine Graphical Communica�on System. 

SIMULATION, 2(5), R-20. htps://doi.org/10.1177/003754976400200514 

Tang, Y. M., Au, K. M., Lau, H. C. W., Ho, G. T. S., & Wu, C. H. (2020). Evalua�ng the 

effec�veness of learning design with mixed reality (MR) in higher educa�on. Virtual 

Reality, 24(4), 797-807. htps://doi.org/10.1007/S10055-020-00427-9/FIGURES/8 

Tang, Y. M., Chau, K. Y., Kwok, A. P. K., Zhu, T., & Ma, X. (2022). A systema�c review of 

immersive technology applica�ons for medical prac�ce and educa�on—Trends, 

applica�on areas, recipients, teaching contents, evalua�on methods, and performance. 

Educa�onal Research Review, 35(November 2021), 100429- 100429. 

htps://doi.org/10.1016/j.edurev.2021.100429 

Wu, H. K., Lee, S. W. Y., Chang, H. Y., & Liang, J. C. (2013). Current status, opportuni�es 

and challenges of augmented reality in educa�on. Computers and Educa�on, 62, 41-49. 

htps://doi.org/10.1016/J.COMPEDU.2012.10.024 

  



  

 

 

 

ISBN 978-84-09-54612-1 

THE PARADOX OF SUSTAINABILITY
INNOVATION: LOCAL OR GLOBAL?

v
VI INTERNATIONAL CONGRESS ON CLUSTER RESEARCH

28TH & 29TH SEPTEMBER/2023
Universitat Politècnica de València

https://www.rethinkingclusters.org/




