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Immersion is re-trending interdisciplinary topic in academic 
research due to new digital innovations, such as augmented 
reality smart glasses. Immersion is, however, still criticized as 
being a vague concept which should be clarified. For instance, 
immersion can be analyzed from both psychological and 
technological perspectives, yet many studies solely focus on one 
aspect while neglecting the other. Moreover, technological 
immersion and immersive technologies can be incorrectly used 
as synonyms. Thus, in this study, we conducted a narrative 
literature review of selected articles on immersion. As a result, 
we present our summary, which includes four sense stimulators 
(visual, auditory, haptic, and olfactory) of technological 
immersion and three dimensions (spatial, narrative, and strategic) 
of psychological immersion. Also, we suggest that immersive 
technologies should be separated from technological immersion. 
Lastly, we propose a new perspective to immersion: techno-
psychological immersion, which combines technological and 
psychological viewpoints of immersion. 
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1 Introduction 
 
New technology trends are estimated to emerge during the next few years (Pucihar, 
2020), enabled by digital transformation (Zimmermann, 2016). One concept 
experiencing a resurgence in popularity is immersion. Previously, the concept of 
immersion has been popular particularly in digital games and gaming (Ermi & Mäyrä, 
2005). Immersion means deep concentration and attention into something (e.g., a 
game), where a user relies on their instincts (Brown & Cairns, 2004) and gets closer 
to being immersed into a virtual world as it would present the real world – blurring 
boundaries between these two environments (Lee et al., 2013). In immersion, a user 
becomes part of the experience, physically or virtually (Ermi & Mäyrä, 2005), and 
immersion can be viewed as stimulating the user’s senses via technology – technological 
immersion or as a subjective experience – psychological immersion (Nilsson et al., 2016). 
 
The concept of immersion is used across diverse domains, from retail to digital 
services. Hudson et al. (2019) studied immersive shopping experiences in metaverse 
environments. Acikgoz and Tasci (2022) found brand immersion interesting in 
brand community contexts. Also, everyday digital services (e.g., Netflix) are 
immersing their users (Kemppainen & Paananen, 2024a), with some studies 
suggesting that this engagement can even resemble a form of relationship (Paananen 
et al., 2022). Thus, it should be investigated how technology can lead a user to 
immersion (Soliman et al., 2017) or what are the causes and attributes of 
psychological immersion (Agrawal et al., 2020). This information could be used to 
enhance desired customer behavior during the customer journey.  
 
The concept of immersion has been criticized to be widely used but unclear (Brown 
& Cairns, 2004), and it is still seen as a vague (Agrawal et al., 2020) and diverging 
(Sun & Botev, 2023) concept. The notion of immersion lacks a standard definition, 
with interpretations varying across different studies.  Immersion can even be left 
undefined in research as in Tonteri et al.’s (2023) study.  Hence, in this work, we aim 
to clarify the concept of immersion. Our research question is: how has immersion 
been conceptualized in research literature? We approach this question with a 
narrative literature review by reviewing both sides of the immersion concept. 
Previous recent literature reviews of immersion have focused on either technological 
immersion (e.g., Ambika et al., 2023; Queiroz et al., 2018; Suh & Prophet, 2018) or 
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psychological immersion (e.g., Agrawal et al., 2020; Nilsson et al., 2016), but not 
both sides simultaneously – and equally.  
 
The structure of this article is as follows: First, we introduce our methodological 
approach, followed by the literature review. Next, we present a summary of the main 
findings of the literature review and discuss these findings in more detail. Finally, the 
limitations and potential paths for future research conclude this work. 
 
2 Methodological Approach  
 
A narrative literature review provides a summarized overview of selected articles 
related to the chosen phenomenon. This article seeks to understand immersion and 
investigates it from a technological and psychological perspective. Related concepts 
flow, presence, and transportation are included and compared to immersion because 
these are commonly reflected concepts within immersion (see e.g., Agrawal et al., 
2020). This article follows the narrative literature review method by Cook et al. 
(1997). This method has been previously employed in immersion research in the 
study by Nilsson et al. (2016), whereas most previous literature reviews of immersion 
have been conducted either systematically (e.g., Ambika et al., 2023; Cummings & 
Bailenson, 2016; Queiroz et al., 2018; Suh & Prophet, 2018) or without a clearly 
described method, such as Agrawal et al.’s (2020) study. The reason for selecting the 
narrative method is that it provides a more extensive scope to phenomena than the 
systematic method, which focuses on certain specific questions (Cook et al., 1997). 
The goal of the narrative method is to summarize prior knowledge. However, it can 
lead to developing new theoretical perspectives (Paré et al., 2015), such as, by 
combining previous research into a map form, in other words, ‘a greater whole’ 
(Dijkers, 2009). 
 
The narrative method does not usually provide a repeatable systematic review 
(Dijkers, 2009; Paré et al., 2015) but, instead, as a selective approach, it should 
provide a carefully considered selection of articles on the phenomena (Cook et al., 
1997). We wanted to include immersion-related peer-reviewed studies written in 
English representing either the key studies on the topic or new studies introducing 
fresh perspectives. The content was sourced through exploration from Google 
Scholar and databases (e.g., AIS Electronic Library, MIS Quarterly Journal Achieve, 
Science Direct) and an examination of key studies pertaining to the topic. Key 
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studies were identified by the number of citations and their frequency in studies 
when familiarizing themselves with the topic. Furthermore, snowballing tact was 
utilized to identify newer sources or prominent works that were frequently 
referenced. We followed Webster’s and Watson’s (2002) advise to review outside the 
main field and, thus, included studies also from other fields than information 
systems (IS). Also, the narrative method gives the possibility to bring new 
perspectives to immersion research in IS. For example, the immersion-related 
studies in MIS Quarterly have focused on quantitative data (e.g., Agarwal & 
Karahanna, 2000; Lee et al., 2012; Nah et al., 2011; Saunders et al., 2011), and 
immersion is not the main research subject of these studies. This research offers a 
broader perspective, resulting in a deeper understanding of the phenomenon. Such 
insights can be valuable in immersion-related concepts like the metaverse, as noted 
in immersive VR study by Dincelli and Yayla (2022). 
 
3 Immersion and Related Concepts  
 
3.1 Immersion 
 
Merriam-Webster dictionary describes the verb immerse as ‘to plunge into something that 
surrounds or covers’ or ‘engross, absorb’. In turn, Murray (1997) describes immersion in 
her widely cited book on future cyberspace narratives as follows: 
 

‘Immersion is a metaphorical term derived from the physical experience of being submerged in water. 
We seek the same feeling from a psychologically immersive experience that we do from a plunge in 
the ocean or swimming pool: the sensation of being surrounded by a completely other reality, as 
different as water is from air, that takes over all of our attention, our whole perceptual apparatus. 
(Murray, 1997, p. 98)’ 

 
Moreover, Slater and Wilbur (1997) present a technology-related definition to 
immersion: 
 

‘Immersion is a description of a technology and describes the extent to which the computer displays 
are capable of delivering an inclusive, extensive, surrounding, and vivid illusion of reality to the 
senses of a human participant. (Slater & Wilbur, 1997, p. 3)’ 
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As these two citations suggest, immersion can be separated into two major 
perspectives: technological immersion (representing the technology’s or system’s 
objective property) and psychological immersion (representing the individual’s 
psychological state) (Agrawal et al., 2020). 
 
3.2 Technological Immersion 
 
Previous research indicates that studies emphasizing technological immersion 
primarily examine immersion from a technological standpoint. Sun and Botev (2023) 
describe technological immersion as a device’s capacity to match, represent, and 
mediate the environment as in the physical world. Ambika et al. (2023) explain the 
goal is to broaden the user’s reality and enable unprecedented experiences. In 
literature, technological immersion seems to be understood via different 
technologies and concentrates on two perspectives: ‘technology immersion’ and 
‘immersive technologies’. Lee et al. (2013) describe immersive technology as a technology 
that blurs the boundaries between the physical world and the simulated or digital 
world, leading to a user’s sense of immersion, such as, when using an interactive real-
time theatre. Daassi and Debbabi (2021) describe immersive technologies as multi-
sensory digital environments extending or replacing the natural surroundings of a 
user. Thus, we separate technological immersion and immersive technologies into 
two different concepts. First, technological immersion concerns a technology-
enabled immersion via sensory experiences. Second, immersive technologies 
represent the used technologies, such as augmented reality or virtual reality 
technologies. Immersive technologies are explained in more detail in the next section 
(3.3.2). 
 
There are different perspectives on the concept of technological immersion, and Sun 
and Botev (2023) have criticized the immersion concept as diverging in academic 
research. For example, Agrawal et al. (2020) distinguish system and/or technology 
from the definition of immersion and propose using Slater’s (2003) term ‘system 
immersion’ instead, which means technology or system as a facilitator of the 
experience. Slater (2009) also highlights that the system’s physical properties 
determine the level of immersion. In our work, the emphasis on technological 
immersion lies in the sensory experience enabled by technology. 
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The core of technology immersion is the sensory experience where user’s senses are 
stimulated. In a prior research, Slater (2003) have identified different types of 
technological immersion, which are visual, auditory, haptic, and olfactory fidelity.  Similarly, 
in the gaming context, immersion is understood to rely on the player’s own senses 
alongside involvement (Brown & Cairns, 2004). Following this, immersive virtual 
reality (IVR) has been defined as consisting of visual, auditory, and haptic displays 
and a tracking system (Slater, 2009). Agrawal et al. (2020) found one reason leading 
to immersion to be multisensory simulation, even though their paper had more of a 
psychological immersion perspective. Following the multisensory perspective, in 
their study, Xu et al. (2018) described that sound is essential with immersive videos 
and, thus, they combined sound via earphones in their 360° videos. Various sensory 
experiences seem significant, especially emphasizing visual and auditory sense 
stimulators. 
 
In this study, we included four types of technological immersion stimulating user’s 
senses towards immersion: I) visual, II) auditory, III) haptic, and IV) olfaction. In 
visual immersion, the amount and type of display screens (Queiroz et al., 2018) and 
image quality (Cummings & Bailenson, 2016) are essential factors when stimulating 
the sense of sight. In auditory immersion, Cummings and Bailenson (2016) 
mentioned that sound quality is essential, and audio can be flat audio or 3D audio 
(Queiroz et al., 2018) in stimulating the sense of hearing. Haptic immersion concerns 
haptic features (Cummings & Bailenson, 2016) where immersion is linked to haptic 
sense via hand, vehicle, or body (Queiroz et al., 2018) and the purpose is to stimulate 
the sense of touch. Lastly, olfactory fidelity or features (Cummings & Bailenson, 
2016; Queiroz et al., 2018) concern olfaction – stimulating the sense of smell – and 
it can be used in immersive experiences through olfactory displays when the chosen 
odor (e.g., perfume smell) is released from a device connected to the computer 
during the use of immersive technology (Herrera & McMahan, 2014). To conclude, 
a summary of technological immersion is provided in Appendix A. 
 
3.3 Immersive Technologies 
 
In turn, immersive technologies concern immersion-enabling technologies, of which 
several different technologies have emerged in previous research. According to Lee 
et al. (2013) immersive technologies refer specifically to the technology enabling 
immersion. Similarly, Slater (2009) characterize technology that provides users with 
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high-quality sensory information as immersive technology. There are different types 
of immersive technologies (Daassi & Debbabi, 2021), for example, virtual reality 
(VR) (Tonteri et al., 2023; Winkler et al., 2020), augmented reality (AR),  three-
dimensional (3D) views, mixed reality (MR: a combination of AR and VR) (Ambika 
et al., 2023), extended reality (XR: a combination of AR, VR and MR) (Adams, 2022) 
, and 360° videos (where users can rotate) (Xu et al., 2018). Several technologies 
have been examined, but the primary emphasis appears to be on virtual reality and 
augmented reality. 
 
Immersive technologies have been investigated in the virtuality-reality continuum 
(Suh & Prophet, 2018) and metaverse environments (Hudson et al., 2019). 
Compared to the physical world’s experience, in immersive technology-mediated 
experience (e.g., virtual reality), the user must learn to use the technology before 
using and focusing (Tonteri et al., 2023). Additionally, it is argued that the above 
listed immersive technologies can be considered as non-immersive if usage does not 
require  special equipment (e.g., a head-mounted display). Thus, for example, web-
based environments or Minecraft would be considered as being non-immersive 
because they are used via a computer, keyboard, and mouse (Suh & Prophet, 2018). 
The role of immersive technologies is to transport the user to immersion through 
the users’ senses. A summary of immersive technologies and the related studies is 
presented in Appendix B. 
 
3.4 Psychological Immersion 
 
Agrawal et al. (2020) described psychological immersion as an individual’s deep 
mental state that enables the cognitive process even to dissociate a person from the 
physical world’s awareness. Psychological immersion can also be a subjective 
experience (Nilsson et al., 2016). In their article, Queiroz et al (2018) use 
psychological and subjective immersion. On the other hand, Agrawal et al. (2020), 
raise the concept of subjectivity to the definitions of immersion and use the term 
psychological immersion. In this study, we employ the term psychological 
immersion, which is frequently utilized.  
 
Psychological immersion can be further understood as follows. Agrawal et al. (2020) 
list three reasons leading to immersion: 1) the subjective sense of being surrounded 
or experiencing the multisensory simulation, 2) absorption in the narrative or the 
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depiction of the narrative, and, 3) absorption when facing strategic and/or tactical 
challenges. In this work, multisensory simulation is included in technological 
immersion. On the other hand, Queiroz et al. (2018) presented four different types 
of psychological immersion: spatial, strategic, narrative, and tactical. Furthermore, 
Ermi and Mäyrä (2005) describe that gamers can absorb themselves into a game and 
become immersed either aesthetically (passively) or escapistically (active 
participation). Finally, Kim (2013)  propose ‘context immersion’ emphasizing the 
psychological state of immersion where the user’s immersion is embodied through 
mobile interaction and user experience connecting the user to real life. In this study, 
we understand psychological immersion as deep mental involvement in the user’s 
cognitive process leading to immersion, following Agrawal et al.’s (2020) definition 
(cited in Appendix C). 
 
This work uses three dimensions of psychological immersion found in previous 
research: spatial, narrative, and strategic. These dimensions describe the different deep 
mental involvement styles in the user’s cognitive process. First, the spatial dimension 
is the feeling of being surrounded (Agrawal et al., 2020). Kukkakorpi and Pantti 
(2021) explained space as transitioning from physical to digital. For example, how a 
story absorbs the user into another environment. Second, the narrative dimension 
concerns narrative aspects and the user’s imagination, such as how the user relies on 
the story through imagination (Ermi & Mäyrä, 2005). Third, the strategic dimension 
concerns strategic, tactical, and challenge-based aspects. For example, the user is 
immersed when meeting tactical or strategical challenges (Agrawal et al., 2020) or 
when facing the game’s appropriately balanced challenge level (Ermi & Mäyrä, 2005; 
Nacke & Lindley, 2008). Similarly, Frank et al. (2015) noted in their survey that the 
game’s playfulness increases immersion in the game and effects the user’s hedonic 
motivation. Psychological immersion concepts are summarized in Appendix C. 
 
3.5 Concepts Related to Immersion 
 
In previous research similar concepts are related to immersion, such as flow, 
presence, and transportation (Agrawal et al., 2020).  Flow and immersion are two 
different concepts but close to each other. Csikszentmihalyi (1990) describes flow 
as  ‘the state in which individuals are so involved in an activity that nothing else seems to matter’. 
In game studies, attention is central to flow, but in immersion, gamers sense 
experiences and emotions, and sensory simulation separates the concept of flow 
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from immersion (Brown & Cairns, 2004). On the contrary, Jennett et al. (2008) 
describe flow as an ‘extreme end of immersion’ because, in their opinion, immersion is 
not always that strong. Agrawal et al. (2020) describe that flow and immersion might 
overlap, but these concepts are independent ideas. 
 
Another concept related to immersion is presence (Nilsson et al., 2016), which 
means, according to Slater (2009), ‘being there’ in a virtual place despite being 
somewhere else in the physical world and being aware of that. Immersion and 
presence are firmly related but logically separable concepts where presence 
represents the response to (a certain level of) immersion (Slater, 2003). On the 
contrary, Queiroz et al. (2018) include presence in immersion, whereas Ambika et 
al. (2023) define presence as addition to immersion. Additionally, Steuer (1992) 
distinguish telepresence from presence because telepresence includes ‘the mediated 
perception of an environment’ (e.g., virtual reality), whereas presence is referring 
environments’ natural perceptions. However, previous research note teleoperations 
or teleconferencing applications to be the primary use of telepresence (Agrawal et 
al., 2020), not Steuer’s (1992) mentioned VR. Moreover, in the study by Mütterlein 
(2018), telepresence was supported to have a direct positive influence on immersion. 
Lastly, transportation can be absorbed into the narrative or detached from the 
environment (Green & Brock, 2000; Van Laer et al., 2014). Agrawal et al. (2020) 
define narrative immersion as similar to transportation. 
 
4 Summary of the Literature Review 
 
Immersion can be categorized into technological and psychological immersion, 
where users can become immersed in one or both ways.  A summarization of the 
above reported narrative literature review is visualized in a Figure 1. 
 
Figure 1 shows that in technological immersion can include one or more sense 
stimulants (visual, auditory, haptic, and odor), for example, how a user experiences 
a digital environment through sense stimulation. The role of immersive technology 
is to enable a sense of immersion in the possibilities brought by technology. We 
understand immersive technology as a technology, such as VR or AR. In addition to 
previous research, we added new innovations as one of the technologies. For 
example, the metaverse can bring new immersive technology possibilities. 
Technological immersion of a user can be simplified as ‘how much of the sense is 
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digitally/virtually covered’ enabled by immersive technology. For example, how 
much augmented reality smart glasses as an immersive technology are covering their 
user’s eyesight (i.e., visual sense), causing the user to experience technological 
immersion. Lastly, psychological immersion concerns the cognitive elements of 
immersion. Thus, sensory experience in immersion provided by technology is not 
mandatory but possible. In our summarization, we include three reasons leading to 
psychological immersion: spatial, narrative, and strategic. Thus, the user can be 
immersed, and the user can change from one space to another (spatial) through 
imagination and story (narrative) or with appropriately balanced challenges 
(strategic). 
 

 
 

Figure 1: Summary of Immersion 
Source: Own 

 
All in all, immersion is not always either technological or psychological, but it can 
be a combination of both based on our summarization visualized in Figure 1. We 
call this techno-psychological immersion, referring to a situation when aspects from both 
sides of immersion are realized in the user’s immersion experience. Moreover, we 



T. Paananen et al.: Towards Techno-Psychological Immersion:  A Narrative Literature Review of Immersion 
and Its Related Concepts 587 

 

 

propose the immersion happening only in the physical world (e.g., reading a book) 
to present non-digital immersion. This immersion can evolve into digital immersion 
if technology is included, for example, by listening to music via earphones when 
reading. In contrast, listening to a podcast via earphones can present techno-
psychological immersion if a user immerses oneself into the podcast’s story 
(narratively) via the auditory sense. Thus, techno-psychological immersion is an 
excellent example of the merging of the digital and physical – phygital – worlds 
because even if we play videogame with all our senses on the computer, our sense 
of touch still knows the mouse and keyboard of the physical world – unless we use 
a digital keyboard offered by smart glasses. 
 
5 Discussion 
 
This study contributes to an understanding of the immersion concept. The prior 
literature on the immersion concept reveals two sides of immersion: technological 
and psychological. Also, immersive technologies are more commonly represented in 
the research but are sometimes used as a synonym with technological immersion 
such as in Lee et al.’s (2013) study. Some of the literature investigates immersive 
technologies through a technological approach rather than as a sensory experience 
or actual immersion, such as Suh and Prophet (2018) as well as Fan et al. (2022). 
Thus, our clarification of immersive technologies followed previous research ideas, 
but we clarified the concepts by separating the concepts of immersive technologies 
(e.g., VR and AR) and technological immersion (i.e., multisensory experience that 
leading to immersion). We also created a framework (Figure 1) in which we present 
immersion as an entity consisting of psychological and technological immersion, 
which can lead to techno-psychological immersion where both sides of immersion 
are realized. 
 
Different technologies are integrating into various aspects of people’s lives, from 
school to entertainment, and thus, customers might expect more immersive 
experiences, service providers, and products. Our techno-psychological immersion 
framework can be utilized as inspiration or the discussion stimulator for product 
design to determine ways to enhance user immersion, such as what aspects should 
be considered related to enabling or enhancing immersion. For example, designing 
IT devices covering the user's face (e.g., Dyson’s air-purifying headphones) could be 
further developed to enhance all sense experiences mentioned in our framework, 
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significantly improving the simulation of the sense of smell. Otherwise, there is 
potential for augmenting the factors that contribute to psychological immersion 
within VR headsets and other increasingly prevalent immersive technologies. For 
example, by bringing more robust storytelling to the space between the user and the 
service with interactive communication or the depth of the narrative. A more 
detailed product design model should be developed in future research, and our 
framework will provide the first ideas. 
 
Due to possibilities provided by technological innovations, people are also integrated 
to use everyday digital services (e.g., Spotify), essential in people’s daily routines, as 
noted in the study by Kemppainen and Paananen (2024a). Service designers should 
consider our framework’s elements leading to techno-psychological immersion. This 
can mean, for example, helping a user transfer spatially (e.g., while waiting transfer 
for a more exciting digital environment) and providing appropriate sensory stimuli 
(e.g., improving concentration at work with suitable digital content – music or 
podcast), Thus, this can enhance positive digital well-being as in study by 
Kemppainen & Paananen (2024b). This approach can also enhance spatial 
psychological immersion, as seen in platforms like Instagram reels, where users can 
feel detached from the outside world while scrolling.  
  
Lastly, immersion is essential for companies pursuing metaverse opportunities. 
Immersion in metaverse is trending research topic right now in various fields  (e.g., 
Dincelli & Yayla, 2022; Tang et al., 2022; Song et al., 2020). As commerce has 
evolved from electronic commerce to multichannel retailing, and onwards to 
omnichannel retailing (Brynjolfsson et al., 2013; Mali et al., 2022), the next step in 
this evolution seems to be the metaverse (Mystakidis, 2022), which emphasizes 
immersion (Hudson et al., 2019). As an example, Roblox is a metaverse VR game 
(Rospigliosi, 2022) where, in addition to playing and interacting with other players, 
the user can purchase branded clothing items in the game, which can be digital 
replicas of the physical world’s products. Thus, a company can use the same designs 
to sell products in new ways in the metaverse, which highlights the importance of 
understanding the user’s techno-psychological immersion. 
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6 Limitations and Future Research Suggestions 
 
Due to the narrative literature review method, this study only gives a greater scope 
of understanding of the phenomena. Thus, it does not provide the reproducibility 
of retrieving sources or research processes. However, the study presents a 
summarization of carefully selected articles. Narrative review maps previous 
research into a new form (Dijkers, 2009), which can lead to new theoretical 
perspectives (Paré et al., 2015) and, thus, our framework can be utilized as a 
discussion stimulator to inspire future research related to immersion. Hence, 
empirical and experimental research of techno-psychological immersion could be 
conducted using different methods. Also, immersion is trending in retail and, thus, 
further research should be conducted on how customers experience techno-
psychological immersion in different contexts (e.g., omnichannel, brick-and-mortar 
stores, metaverse, or showrooms). Also, retail immersion barriers would be an 
exciting topic, as, for example, QR code usage barriers have been noticed during 
brick-and-mortar shopping, and people are not utilizing digital opportunities (see 
Paananen et al., 2023). Lastly, experimental studies of customer’s techno-
psychological immersion with different immersion technologies (e.g., VR, AR) 
would be interesting in different retail contexts.  
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Appendix A: Summary of Technological Immersion and Senses 
 

Concept Explanation 

Technological 
immersion 
 
System 
immersion 

‘The capacity of a media device to mediate and represent an 
environment in a way that matches human perception of the 
physical world’ (Sun & Botev, 2023) 
 
‘Let’s reserve the term ‘immersion’ to stand simply for what the 
technology delivers from an objective point of view. The more 
that a system delivers displays (in all sensory modalities) and 
tracking that preserves fidelity in relation to their equivalent real-
world sensory modalities, the more that it is ‘immersive’.’ (Slater, 
2003) 

Sensory 
immersion 
 

- Sensory immersion: ‘Large screens close to player’s face and 
powerful sounds easily overpower the sensory information coming 
from the real world, and the player becomes entirely focused on 
the game world and its stimuli.’ (Ermi & Mäyrä, 2005) 
- Experience of multisensory simulation (Agrawal et al., 2020) 
- System-focused immersion (i.e., sensory immersion, based on 
media features) (Daassi & Debbabi, 2021) 

Visual 

- Visual immersion (single screen, multiple screens, videowall, 
cavern automatic virtual environment) (Queiroz et al., 2018) 
- Stereoscopic vision, image quality, field of view, update rate 
overall high versus low, (Cummings & Bailenson, 2016) 
- ‘Audiovisual implementation has something to do with 
immersive experiences, but it is by no means the only or even the 
most significant factor.’ (Ermi & Mäyrä, 2005) 

Auditory 
- Auditory immersion (flat audio, 3D audio) (Queiroz et al., 2018)  
- Sound quality (Cummings & Bailenson, 2016) 

Haptic 
- Haptic immersion (hand, vehicle, body) (Queiroz et al., 2018)  
- Haptic features (Cummings & Bailenson, 2016) 

Olfaction 

- Olfactory fidelity (odor) (Queiroz et al., 2018),  
- Olfactory features (Cummings & Bailenson, 2016) 
- Olfaction is sense of smell, which is described as an important 
perceptual function and olfactory display enable using odorants 
(e.g., the smell of orange) during immersive technology usage 
(Herrera & McMahan, 2014)                                                                                                            
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Appendix B: Summary of Immersive Technologies 
 

Concept Explanation 

Immersive 
technologies 
 
Equipment 
perspective 

‘Immersive technology refers to technology that blurs the line 
between the physical world and digital or simulated world, thereby 
creating a sense of immersion.’ (Lee et al., 2013) 
 
Immersion requires equipment (e.g., head-mounted display) from an 
user (Suh & Prophet, 2018) 

Enabling 
immersive 
technologies 

- Augmented reality (AR) (Ambika et al., 2023; Daassi & Debbabi, 
2021; Fan et al., 2022), mobile AR (Kim, 2013) 
- Virtual reality (VR) (Ambika et al., 2023; Kukkakorpi & Pantti, 
2021; Queiroz et al., 2018; Tonteri et al., 2023; Winkler et al., 2020) 
- Mixed reality (MR) (Ambika et al., 2023) 
- Extended reality (XR) (Adams, 2022) 
- Three dimensional views (3D) (Ambika et al., 2023) 
- 360° videos (Xu et al., 2018) 
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Appendix C: Summary of Psychological Immersion and Dimensions 
 

Concept Explanation 

Psychological 
immersion 

‘Immersion is a phenomenon experienced by an individual when 
they are in a state of deep mental involvement in which their 
cognitive processes (with or without sensory stimulation) cause a 
shift in their attentional state such that one may experience 
disassociation from the awareness of the physical world.’ (Agrawal 
et al., 2020) 

Spatial 
 

- Spatial dimension (Queiroz et al., 2018) 
- ‘Place refers to factual and inter-textual qualities, whereas space 
alludes to the digital environment in which the user is immersed.’ 
(Kukkakorpi & Pantti, 2021) 
- Subjective sense of being surrounded (Agrawal et al., 2020) 

Narrative 

- Absorption in the narrative or the depiction of the narrative 
(Agrawal et al., 2020) 
- Imaginative immersion: ‘The game offers the player a chance to 
use her imagination, empathize with the characters, or just enjoy 
the fantasy of the game.’ (Ermi & Mäyrä, 2005) 
- Children create narratives, which allow for the use of fantasy 
while still following the linear structure (in the museum context) 
(Haywood & Cairns, 2006) 

Strategic 

- Absorption when facing strategic and/or tactical challenges 
(Agrawal et al., 2020) 
- Challenge-based immersion: ‘This is the feeling of immersion 
that is at its most powerful when one is able to achieve a satisfying 
balance of challenges and abilities.’ (Ermi & Mäyrä, 2005) 
- Immersion is more closely achieved with appropriately 
challenging game tasks (Nacke & Lindley, 2008) 
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