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Abstract Innovations in immersive systems technologies
allow commercial experience providers to mix both digital
and physical design components in offerings such as escape
rooms or city tours, creating what we call a “physical-
digital experience” that cuts across both physical and vir-
tual realms. A multiple case study of four experience-
economy providers was conducted to understand how such
physical—digital experiences are designed. A theoretical
model explains how the deliberate and interdependent
design and combination of physical and digital activities
creates a new and integrated experience that features spa-
tiotemporal and social recombination, sensory enrichment,
and cross-realm anchoring, which make a physical-digital
experience more than just the sum of physical and digital
experiential activities alone. This research draws attention
to the dual constitution of physical-digital experience and
contributes to the growing scholarly discourse on the role
of physicality as anchor, nexus, and lever for digital
innovation.
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1 Introduction

Immersive systems technologies,l such as the metaverse (a
multi-user virtual reality platform), the Teslasuit (a full-
body virtual reality suit capable of haptic feedback), or the
Apple Vision Pro (an augmented reality spatial computer),
have been hailed as disruptive to what is known as the
experience economy” because they enable users to define
virtual areas within their physical environments and aug-
ment them with digital components while maintaining
spatial awareness to prevent users from crossing physical
boundaries (Cavusoglu et al. 2019; Saker and Frith 2020).
In turn, many commercially available experiential offer-
ings are now physical-digital (Lorenz et al. 2024) in that
they cut across both physical and virtual realm con-
stituents® and allow those who participate in the experience

! Immersive system technologies are digital audiovisual information
and communication technologies that create a distinct illusion of a
“real experience” for users by creating experiences that merge the
physical world with a digital or simulated reality (Cavusoglu et al.
2019).

2 The experience economy describes the industrial sector that is
focused on the provisioning of commercial offerings that take the
form of multidimensional events designed and staged to engage
participants and their senses (Pine and Gilmore 1998) and which has
risen to become a multi-billion-dollar economy that surpasses retail
consumption, amongst others (Pott 2024).

3 We use the term “realms” to indicate that in designed experiences,
providers artificially create tailored subsets of reality as opposed to
the naturally occurring reality of our existence. The terms physical
and virtual realms indicate the difference between lived versus
computed human experiences (Recker et al. 2021).
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(i.e., the participants) to be both digitally immersed and
physically embodied at the same time. Take an augmented
reality (AR) historic city tour or a virtual reality (VR) wine
tasting: Both experiences involve computer-generated vir-
tual realms that digitally teleport participants back hun-
dreds of years or transport them to a vineyard in the
Aconcagua Wine Valley. But both still also rely on phys-
ical realm constituents with tangible artefacts (e.g., build-
ings and sculptures, or wines and glasses) and geospatial
boundaries (e.g., the confines of a room or cityscape).
Without the physical wine to taste or a physical cityscape
to stroll through, these experiences would not be complete.

While the seamless blending of physical and virtual
realms in experiential offerings has become technologi-
cally feasible, experience designers (such as theme parks,
restaurants, wellness centers, event stagers, or sporting
providers) still often choose not to leverage advanced
immersive systems technology capabilities in their design
efforts (Peukert et al. 2019). One reason could be that
immersive technologies are perceived to create flaws in
user experiences (Coie 2019), because even the most
advanced immersive systems technologies remain limited
in capturing several aspects of a desired experience, such
as olfactory, tactile, or gustatory components (Lorenz et al.
2024). Another reason could be that immersive technolo-
gies are associated with elevated security and privacy risks
(Valluripally et al. 2023). Reports of unpleasant or even
harmful incidents involving immersive systems technology
are on the rise (Chesler 2024), and emergency hospital-
izations linked to the use of immersive systems technology
have also increased tenfold between 2017 and 2021
(Cucher et al. 2023). For example, Mexican actor Eugenio
Derbez was misled by virtual imagery while wearing VR
goggles, causing him to fall. His accident resulted in more
than ten fractures and ultimately required shoulder
replacement surgery.

We suggest that a key reason for this situation is the lack
of knowledge about how to design and combine compo-
nents from both digital and physical realms in a meaningful
way, which risks not only bodily harm but also the overall
quality of the experience. In much of the literature on
immersive systems technology, the physical realm is often
merely seen as a baseline for assessing the assumed
superior digital capabilities of immersive systems tech-
nology (e.g., Steffen et al. 2019). But physical components
are not mere vessels of an experience; they are key con-
stituents of the nexus (Goebeler et al. 2024) of the expe-
rience and thus need to be carefully designed in
combination with digital components. Consider an aug-
mented reality city tour that is enriched with overlays of
historic facades and vivid reconstructions of street festivi-
ties. While participants may feel deeply immersed in past
eras, a sudden car horn or a ringing cell phone will still
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abruptly disrupt the experience (Oh et al. 2019). Thus,
failing to account for physical realities or isolating users
from them entirely can degrade the immersive potential of
an experience (Oh et al. 2019). The research question that
thus emerges is: How can providers of physical-digital
experiential offerings leverage immersive systems tech-
nology to integrate components of both the physical and
virtual realms in such a way that the experiential limita-
tions of each realm can be overcome?

The academic literature provides surprisingly few
answers to this question. Only recently have studies begun
to examine the characteristics of physical components in
virtual realms (Goebeler et al. 2024; Lorenz et al. 2024) or
the qualities of physical-digital fusions in products (e.g.,
Wang et al. 2022). The scarce focus on both digital and
physical components is concerning because physicality and
embodiment are indispensable constituents of any experi-
ence, including those relying on immersive systems tech-
nology. As embodied beings, people always create
meaning of what they experience with and through their
bodies (Cerulo 2019; Wang et al. 2022). Even a virtual
experience (such as an online escape room) must be
accessed through a physical vessel (such as a laptop and
screen or a touchscreen device). Likewise, even a virtual
reality tour requires participants to wear material technol-
ogy such as head-mounted displays (e.g., virtual reality
goggles) or headphones.

Our study thus focuses on the interaction of physical and
digital components in the design of physical-digital expe-
riential consumer offerings. We engaged in a form of
design archaeology (Molla et al. 2024; Recker 2021) to
observe and analyze the design approaches, rationales, and
effects of physical-digital experiential offerings by four
commercial providers from Germany. Through inductive
data analysis, we developed a theoretical model to unpack
how providers design activities for participants in both
virtual and physical realms and how these create an inte-
grated physical-digital experience for participants.

We proceed as follows. First, we review the literature on
experiential consumer offerings and immersive systems to
discuss the role of these technologies for such offerings.
We then introduce our designing perspective for user
activities as a lens for our empirical inquiry. Next, we
describe our research procedures and present the findings
from our case study. Finally, we discuss implications for
theory and practice.
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2 Background
2.1 Experiential Consumer Offerings

Humans are embodied beings and experience the world
through bodily interactions with other social actors or
artefacts within a specific spatiotemporal context (Merleau-
Ponty 1962). Experiences are a constant in people’s lives,
in both intentional (e.g., going to the movies) and inci-
dental ways (e.g., hearing a street musician en passant),
and they draw on rich sensory stimulation: the more senses
are engaged and the more coherent this stimulation is, the
more effective, meaningful, and memorable an experience
becomes (Pine and Gilmore 1998).

The human desire for new experiences and rich sensory
stimulation gave rise to what is known as “the experience
economy”, in which commercial providers create and sell
engaging experiences to consumers (Pine and Gilmore
1998). Initially, providers simply enhanced ordinary ser-
vices or products with experiential components (e.g., the
integration of pleasant scents or interactive displays in
stores), but eventually, they began to create experiential
consumer offerings—curated multidimensional events
staged to engage participants in a hedonic, sense-stimu-
lating way (Chandra Kruse and Drechsler 2022; Lorenz
et al. 2024). These offerings target either single or multiple
participants who engage in the experience for hedonic
pleasure, enjoyment, and stimulation, rather than to
achieve functional goals.

Similar to how digital technologies have transformed
other commercial offerings over the past few decades (e.g.,
Barrett et al. 2015; Yoo 2010), experiential consumer
offerings have also started to feature digital components.
Many museum tours now feature interactive digital content
on touchscreens (Khalil et al. 2024), and sports events now
often feature immersive systems technology to increase
vividness, interactivity, and telepresence for spectators
(Kim and Ko 2019). The COVID-19 pandemic further
accelerated the digitalization of experiences and resulted in
a significant increase in experiential consumer offerings,
such as virtual wine tastings, online yoga classes, or virtual
museum visits, from both established (e.g., Faber-Castell)
or born-digital (e.g., Masterclass) providers.

2.2 Immersive Systems Technology and its
Application to Experience Design

Immersive systems technologies have gained importance
for experiential-offering providers because they allow
designing experiences that cross traditional boundaries of
the physical realm (Pine and Korn 2011) — for instance,
those imposed by space—time linearity or physical
embodiment (Cavusoglu et al. 2019; Wang et al. 2022). A

prominent example is the Modigliani VR: The Ochre Ate-
lier experience at the Tate Museum in London, an expe-
rience that integrates virtual reality components into the
museum visit by enabling participants to step beyond the
confines of the physical exhibition space and travel back in
time to explore the renowned painter’s studio.

Immersive systems technologies “purposefully change
or enhance the user’s perception of reality” (Cavusoglu
et al. 2019, p. 680), by using digital audiovisual informa-
tion and communication technologies to create a sense of
immersion, that is, the illusion of a “real experience” for
users through the merging of physical and digital compo-
nents in a way that facilitates absorption, presence, and a
sense of “being there” (Dincelli and Yayla 2022; Slater
and Wilbur 1997). They do so by using digitally produced
cues to stimulate a comprehensive and enveloping “im-
mersive” experience for the user. To that end, digitally
produced cues often minimize or substitute stimuli from
the physical world (Bowman and McMahan 2007) such as
when systems like the Oculus Quest, HTC Vive Cosmos,
Microsoft HoloLens 2, or Apple Vision Pro build on
cameras and sensors that integrate the virtual experience
within the confines of the physical realm or represent the
physical environment virtually. A key design question is
thus whether the digital cues that contribute to an immer-
sive experience must be synthetic or if they can strategi-
cally involve coherent stimuli from the physical realm.

Immersive systems technologies are typically classified
as virtual reality (VR) or augmented reality (AR), even
though these distinctions are not categorical (Flavian et al.
2019; Pine and Korn 2011). VR describes a “set of tech-
nologies that enable people to immersively experience a
world beyond reality” (Berg and Vance 2017, p. 1) and that
surround the user in a computed world mediated by VR
headsets. Unlike VR, AR does not completely replace
physical reality visually but allows users to “see the real
world, with virtual artefacts superimposed upon or com-
posited with the real world” (Azuma 1997, p. 356). This is
done in real-time, for example, through head-mounted
displays (HMDs), tablet computers, or smartphones.

Notwithstanding the astonishing technical advances in
emerging immersive systems technology such as the
Oculus Rift, the Teslasuit or the Apple Vision Pro, a
paradoxical trend has emerged in practice: On one hand,
leapfrogging innovations in hardware and software are
broadly marketed and hailed for their ability to “disrupt”
our experience of reality and blur the boundaries between
the physical and virtual realms. On the other hand, we are
simultaneously witnessing a turn toward more physicality-
oriented experiences. Despite the technological and eco-
nomic advances, along with the proliferation of VR and AR
hardware and software enabling all-digital experiences,
such offerings have largely failed to resonate. For example,
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the metaverse, hailed as a revolutionary new, entirely
digital experience with virtual offices, virtual social spaces,
and virtual cities, arguably failed to attract notable mo-
mentum. Decentraland, one of the largest and most rele-
vant Metaverse platforms, reportedly has only 38 active
daily users, while one of the main user-engagement fea-
tures of Meta’s flagship product Horizon Worlds failed to
produce any noticeable revenue (Horwitz et al. 2022).
Instead, in practice, many experience-economy provi-
ders are creating physical-digital experiential consumer
offerings that integrate characteristics of both physical and
virtual realms and that range in their relative emphasis
from physicality-centric experiences over integrated
experiences to digitality-centric experiences. Figure 1
visually positions different physical—digital experiences on
this continuum, and Table 1 differentiates them by the
focus on the senses that are incorporated in the design of
different experiences. For example, the National Gallery in
London’s Art of London AR Gallery places artworks (i.e.,
by Van Gogh and Tracey Emin) directly onto the streets of
London via a mobile app, with the physical environment
remaining central as the app overlays static visuals onto
specific real-world locations (Fowler 2021). In contrast, the
VOID offers a fully integrated multisensory theme park
experience, combining themed physical spaces, such as
rooms with tactile walls and objects, with immersive VR
environments, like those resembling Star Wars or Ghost-
busters. For instance, touching a real-world wall corre-
sponds to a virtual castle wall (Porter 2024). On the
digitality-centric end, the Beat Saber VR game immerses
players in a vibrant virtual environment where they slice
neon cubes with virtual lightsabers, synchronizing their
movements to the rhythm of the music. The game is
designed within a confined geospatial radius to ensure safe

Physical realm

movement within the physical realm. Finally, Van Gogh:
The immersive experience describes an integrated physi-
cal-digital exhibition experience in which digital compo-
nents, such as animated drawings, are placed in specially
sourced locations, such as a ninteenth-century
stable building with exposed brickwork and timber beams
(in the London location).

We are interested specifically in integrated physical—
digital experiential consumer offerings, in which both
virtual and physical realms and their components are not
simply considered peripheral landscapes but instead con-
stitute a joint nexus of physical and digital components
(Goebeler et al. 2024) that must be purposefully fused into
an experience that exceeds what either realm can offer
alone. Consider a VR wine tasting or an AR historic city
tour. A VR wine tasting requires the presence of the actual
wine to provide a complete sensory experience that deliv-
ers on the key degustation experience. Similarly, an AR
historic city tour relies on the actual facades and ambient
sensory cues of the physical realm as a backdrop and ref-
erence point for the AR overlays. Both types of experien-
tial consumer offerings require the integration of physical
sensations and digital components in their design to create
a truly sensational experience for participants. But doing so
requires dedicated design strategies to integrate activities
or experiences that span both realms, such as redirection
techniques “that enable walking over large distances in the
virtual world while remaining within a relatively small
space in the real world” (Steinicke et al. 2009, p. 2). This is
especially relevant in cases where a virtual experience is
situated in a confined venue, such as a VR escape room
(Sun et al. 2018).

However, while the use of integrated physical—digital
experiential consumer offerings in areas such as tourism

Digital realm

Smartphone- Location- VR-mediated Free-roaming VR console
suppor?ed AR based AR time travel VR experience games (e.g., Star
(e.g., city walk game (e.g., experiences (e.g., (e.g., “Yullbe Wars: Qua-
“Art of London “Pokémon “TimeRide” in Rulantica” in drones, Eden-
AR Gallery” in GO”) Germany) Germany) Tomorrow for
London) PlayStation)
Physicality- Integrated Digitality-
centric experience centric
experience experience

Fig. 1 Continuum of physical-digital experiences by type of immersive technology, with examples
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Table 1 Selected physical-digital experiences, their consideration of physical senses, and their realm-centricity

Offering Key immersive systems Physical senses explicitly considered =~ Realm-
technology in experience design centricity
Sound Sight Touch Smell Taste
“Revivre” Tour; Muséum national d’Histoire naturelle Augmented Reality X X Physicality-
(Paris) centric
Yullbe Wunderland (Hamburg) Virtual Reality X X X Digitality-
centric
Essen 1887, Essen (Germany) Augmented Reality X X Integrated
Google Earth VR Virtual Reality X X Digitality-
centric
“Ingeborg” experience, National Museum of Finland  Virtual Reality X X Digitality-
(Helsinki) centric
Smithsonian AR, Washington DC (USA) Augmented Reality X X Physicality-
centric
“Mona Lisa Beyond the Glass”; Louvre (Paris) Virtual Reality X X Digitality-
centric
Star Wars™: Secrets of the Empire, Disneyland (LA) Virtual Reality X X X X Digitality-
centric to
integrated
Pokémon GO, (worldwide) Augmented Reality X X Physicality-
centric
TimeRide, Cologne (Germany) Virtual Reality X X X Integrated
Givaudan Virtual TasteTrek® Citrus (worldwide) Virtual Reality X X X X X Integrated

(Yung and Khoo-Lattimore 2019), human—computer
interaction (Yang et al. 2019), healthcare (Fertleman et al.
2018) or consumer offerings (Flavian et al. 2019) are well-
known by now, how designers can integrate, synthesize,
combine, or otherwise fuse experiential components from
physical and virtual realms to create such experiences is
not yet well enough understood. We lack detailed design
insights into how providers can effectively create and
integrate physical and virtual activities for participants
across both realms to craft experiences that neither realm
alone can fully provide. For example, studies such as those
exploring aroma-content congruence by pairing scent with
VR (Flavian et al. 2021) or the synthetic production of
physical stimuli such as wind and heat to accompany a VR
experience (Ranasinghe et al. 2017) have found a generally
positive effect on the user experience when orchestrating
multisensory stimulation in immersive systems-mediated
experiences (Melo et al. 2022). However, they fall short in
explaining the choices designers should make when inte-
grating multisensory cues into immersive experiences
(Marto et al. 2022). Likewise, even though a surge of
research is noticeable about immersive systems technology
in contexts such as education and learning (Suh and Lee
2005), e-commerce (Hsiao et al. 2024; Peukert et al. 2019),
collaboration and co-creation (Asatiani et al. 2021), gam-
ing (Pamuru et al. 2021), communication (Teng et al.

2023), healthcare (Zahedi et al. 2016), or sports events
(Westmattelmann et al. 2021), this research focuses almost
entirely on downstream impacts from the use of immersive
systems technology, not on their design. Moreover, despite
the growth of the experience economy, research on either
the design or use of immersive systems technology for
experiential offerings such as VR applications in museums,
AR integration in tourism experiences, AR-supported
business models in tourism (Cranmer et al. 2021), or
experiential, escapist motifs in such technology use (Haj-
Bolouri 2023) is progressing only slowly.

This lack of design insights is problematic. At any point
in a designed experience, even when users are immersed in
a VR experience that provides significant audiovisual
shielding from the physical realm (Peukert et al. 2019),
they remain embodied beings who perceive sensory cues
from the physical realm — such as temperature, auditory
signals, or scents — surrounding their bodies. They are also
always still subject to physical risks or obstacles (Cavu-
soglu et al. 2019). Even mental processes, such as attitude
and intention formation, are deeply rooted in what users
perceive through modalities beyond the audiovisual capa-
bilities that a virtual realm can provide (Cerulo 2019).
Thus, the blind spot regarding the role of physical com-
ponents and their fusion with digital components into an
experience nexus is problematic because there is a lack of
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empirically sound guidance for providers and designers on
how to create meaningful fusions of the two realms to
create valuable experiential consumer offerings. Our study
addresses this problem.

2.3 A Designing Perspective on the Creation
of Physical-Digital Experiences

Congruent with our ambition to provide design insights
about how virtual and physical realms can be artificially
created and fused in the design of experiential consumer
offerings, we draw on ideas of soma design (Hook 2018)
and designing user activities (Kaptelinin and Nardi 2007).
Soma design emphasizes the bodily and sensory quality of
human experiences (Shusterman 2012) and thus focuses on
designing the experiential, felt, bodily, and aesthetic
aspects of technology (Hook 2018). Soma design encour-
ages designers to integrate bodily activities, such as
movement, gestures, and embodied interaction, into a user
experience (Hook et al. 2021). It highlights that experi-
ences in the virtual or physical realm should be designed to
enable users to experience and perform activities* specific
to that realm that are aimed at achieving immediate goals
that contribute to the overall outcomes of the designed
experience (Kaptelinin and Nardi 2007) and ensure that a
designed experience is embodied, purposeful, and seamless
(Badker et al. 2024). In other words, soma design stresses
that activities must be designed such that users experience
continuity in what they do with their bodies to achieve a
goal, regardless of the realm in which they occur. Creating
a physical-digital experience thus means designing how
users can act through and with technology (Bertelsen and
Bgdker 2000). In virtual realms, for example, designing
activities might involve creating the possibility for a user to
manipulate virtual objects or interact with virtual actors. In
physical realms, designing activities might involve crafting
haptic objects that users can handle to trigger events.

3 Method

3.1 Design Archaeology: Extracting Design
Knowledge from In Situ IS Artefacts

Our research is a form of design archaeology (Chandra
Kruse et al. 2019; Recker 2021). The key idea behind
design archaeology lies in observing implemented IS
artefacts to generate design knowledge at different levels of

4 With the term designed activity, we refer to all actions, tasks, or
operations that are intentionally created such that a user can achieve
certain goals or fulfill certain motivations (Kaptelinin and Nardi
2007).
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abstraction — for instance, as design principles or a design
theory (Peffers et al. 2007). Design archaeology builds on
the idea that the extraction of design-relevant knowledge
does not strictly necessitate the construction of an artefact
(Maedche et al. 2021). Instead, it stresses that design
knowledge contributions can also arise from observation,
when researchers analyze IS artefacts in situ to understand
the underlying design rationales to derive prescriptive and
abstract design insights or carve out potentials for
improving the implemented artefact (e.g., Molla et al.
2024; Recker 2021).

Like historical archaeology, design archaeology
involves analyzing an existing in situ artefact to retro-
spectively excavate the rationales and activities that
informed its design, implementation, and use (Chandra
Kruse et al. 2019). Ideally, this analysis involves exploring
the design choices that formed the basis for the existing
system but also personally engaging with the artifact under
study (Recker 2021). Applied to our case, this means that
we wanted to understand how different commercial pro-
viders created integrated physical-digital experiences (the
design artefact) that feature naturally occurring and artifi-
cially produced sensory components and designed activi-
ties within both physical and virtual realms. We aimed to
generate broadly applicable and abstract prescriptive
design knowledge that could either be applied to the design
of other types of physical—digital experiences beyond those
we studied or to improve the design of those we did study.

Therefore, we conducted a multiple case study with four
providers of physical-digital experiential consumer offer-
ings in Germany (Table 2). We used two case selection
criteria: First, we selected providers that offered physical—
digital experiential consumer offerings that could be con-
sidered integrated (as per the continuum in Fig. 1). Thus,
we chose providers of experiences in which the virtual
realm (created through immersive systems technology) had
to play a significant role in the overall experience designed
but where the experience also prominently featured distinct
physical realm components (e.g., a city center and its
scenery in a city tour). This criterion was essential to
ensure that for these experiences, the physical realm was
not merely a vessel for a largely virtual experience but
instead an integral part of the thematic “nexus” (Goebeler
et al. 2024) of the experience itself. Second, we selected
providers that offered physical-digital experiential offer-
ings with different experiential themes (e.g., sensory
involvement and indulgence in the VR wine tasting, nos-
talgic exploration in the VR time travel experience) and
that varied in their use of immersive systems technology
mediation (both concerning hardware and software com-
ponents), so that our dataset had sufficient variance in the
configuration of physical and digital components in both
physical and virtual realms.
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Table 2 Overview of cases

Case WineCo TabCo TimeCo ArCo
Offering VR wine tasting AR historic, guided city tour VR ride back to 100 years AR historic city tour
through an old town ago as part of a digital-
physical “senseum” venue
Experiential Wine tasting Historic city tour, showing Time travel experience Historic city tour with
theme how the city looked in past holograms of public figures
centuries or within
inaccessible spaces
Immersive VR AR VR AR
systems
technology
featured

Hardware featured VR goggles Tablet

Physical venue Regular room/bar

city

Form of virtual Semantic virtual

mediation representations of wine over cityscape (AR)
aromas and vineyard
environment (VR)
Individual/group Group experience, human  Group experience (not
experience; tasting leader present focused), human guide
presence of a present
human guide
Type of physical- Integrated Integrated

digital experience

City center of a large German

Dynamic Virtual overlays

VR goggles, earphones AR goggles, earphones

Thematically de-signed
indoor venue (“senseum”),
replica of a tram cabin for VR
experience

City center of a large
German city

Video projections (of cinema
scenery and character
interactions), tram ride (VR)

Dynamically un-folding
virtual overlays and
navigation cues projected
onto cityscape (AR)
Group experience (not

focused), human character/
guide partly present

Individual experience, no
human guide

Integrated Integrated

3.2 Data Collection

Our data collection proceeded in two waves in parallel with
our iterative process of data analysis (Urquhart 2012) in
2023 and 2024. Our sources are summarized in Table 3.
Our primary data source was semi-structured interviews
with key informants involved in the design of the physical—
digital experiential consumer offerings (e.g., project lead-
ers, company directors, technology specialists, or experi-
ence designers). The number of informants varied from
case to case, as the size and organizational responsibility
for conception and design differed by case (e.g., a one-
person designer and venture owner in WineCo compared to
a team of historians, developers, and narrators jointly
responsible for the design in TimeCo). All semi-structured
interviews were conducted face-to-face (in person during
site visits or via videoconferencing technology) in German
and professionally transcribed and translated into English
(120 pages in total). The interview protocol is found in the
Appendix (available online via http://link.springer.com).
In our initial interviews in 2023, we focused on gath-
ering information about how the offerings were designed,
focusing on design choices in the virtual and physical
realms and the means used to integrate the two. After

analyzing this data initially, we then conducted a second
round of interviews to consolidate the emergent themes
(Urquhart et al. 2010). For example, during the initial data
analysis, we quickly realized that designers created activ-
ities and components not only in the virtual realm (e.g.,
evoking actual repositioning or grasping through virtual
triggers), but also in the physical realm (e.g., adding scents
or actual wine to create olfactory stimulation). Therefore,
in the subsequent data collection, we decided to place
greater emphasis on the design choices made between
semantically matched key activities in both realms, such as
designing forms of navigation that apply to both virtual and
bodily modes of locomotion, and how they were integrated.
In addition, we used the second wave of interviews to
deepen our understanding of the properties that were ger-
mane to the integrated experiences that emerged from the
merging of the two realms in the offering. We interviewed
the same informants in each round because our screening
of the other roles indicated that they also remained central
sources of insight for the emerging themes (Charmaz
2006).

A second data source in our design archaeology was
participant observation data, which we gathered through
direct engagement with the designed artefacts — the
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Table 3 Data sources

Source WineCo TabCo TimeCo ArCo Total

Formal provider interviews 2 2 2 2

Informal provider interviews 0 1 2 2

Total interview sessions 2 2 4 3 13

Participant observations (in sessions, mostly 90-120 min) 1 1 1 1 4
corroborate  the  plausibility of our emergent

physical-digital experiential consumer offerings. Two
members of our research team participated in each of the
physical—digital experiences, adhering to the observational
researcher role to “derive prescriptive knowledge from
observing and analyzing existing artifacts in use” (Maed-
che et al. 2021, p. 361). This participation enabled us to
engage directly with the artefacts under analysis, studying
their in-situ implementation and adopting the perspective
of typical users — namely, the consumers of these com-
mercially offered experiences. Through firsthand observa-
tion, we uncovered how activities and sensory stimuli
across both realms were designed and integrated. For
instance, we observed how the olfactory stimulus of a
toffee scent was synthetically integrated and synchronized
with the audiovisual digital content of a carnival parade
scene, where sweets were thrown from a truck. Similarly,
we experienced how social interactions spanned both
realms, featuring the same character to create a cohesive
narrative.

During our participant observations, we focused
specifically on sensory activities implied by the design of
the experiences, such as smelling, seeing, grasping, and
moving. We specifically considered the sensory stimuli that
could be derived from these activities, whether naturally
occurring (e.g., the audiovisual soundscape of a city center)
or synthetic yet physically introduced (e.g., ambient smells,
music). For example, we observed that church music was
integrated into one of the city tours at a location where a
church remains visible in the present cityscape, while
computed visual overlays of a historic bustling street scene
unfolded through the AR glasses in front of the church.
Immediately after participating in the experiences, we met
to discuss impressions and documented the experiences
systematically in 23 pages of memos. These memos were
then used to triangulate our observational insights with the
providers’ perspectives obtained from interview data.

Finally, as a complementary source of data, we also
conducted several informal, unrecorded interviews during
our site visits or via telephone (Table 3), which were
captured in notes and served as member-check-ins (Lim
2025). We used them to probe for specific details about
certain design choices (e.g., the choice of immersive sys-
tems technology and the reasons for allowing virtual and
real human interactions), confirm our understanding of
certain rationales and design choices, and (towards the end)
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conceptualizations.
3.3 Data Analysis

Data collection and analysis were conducted in iterations
(Urquhart et al. 2010). Our data analysis was primarily
inductive and adhered to established guidelines for
grounded theorizing (Charmaz 2006; Gioia et al. 2013;
Urquhart et al. 2010). We began by developing case nar-
ratives (Schwandt et al. 2007) to share knowledge within
our research team about each provider organization,
including details such as their location, industry, and the
experiential offerings they designed (e.g., the immersive
systems technology used, the experiential theme, and
physical venue characteristics). We then openly coded our
data with an initial focus on understanding: (1) the design
choices and underlying rationales for designing and
embedding virtual experiences within the existing physical
realm, supported by immersive systems technology; and
(2) the intended properties (design goals) of the resulting
physical—digital experience.

Our open coding yielded a comprehensive set of
descriptive codes that shed light on the design choices and
underlying rationales behind providers’ incorporation of
immersive systems technology into their physical-digital
offerings to embed them within the surrounding physical
environments, such as city centers or indoor venues.

Initial focus: providers as physical-digital integra-
tors. Through these initial analyses, we realized that the
designers did not act solely or dominantly as virtual realm
creators; instead, they acted as integrators of components
they designed in both physical and virtual realms. This
highlighted to us that to these providers, the physical realm
was not merely a “starting point” or “vessel” (Goebeler
et al. 2024). We recognized that the experience designers
made intentional and coordinated design choices within
and across both realms, carefully creating and arranging
components from each to form semantically matched pairs
of activities — such as actions or tasks like gesturing,
interacting, or opportunities for sensory perception — that
engaged participants’ bodies and supported the specific
experiential goals envisioned by the providers.

Unpacking the design of experiential activities.
Building on this realization, we adopted a designing
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perspective informed by theories of soma design (H60k
2018; Hook et al. 2021) and the design of user activities
(Kaptelinin and Nardi 2007) and focused on activities as
the core units of design. In this context, digital technologies
— specifically immersive systems technologies — served a
mediating role in activity design as tools that shape and
facilitate users’ actions and interactions while contributing
to the attainment of specific goals. Consequently, our
realization that the overarching design goal was to create
cohesive physical-digital experiences that align with the
designers’ clear experiential goals (e.g., allowing partici-
pants to stroll through the present-day city center while
experiencing the evolution of a historic German city from
the 1900s to today) prompted us to conduct a second wave
of follow-up interviews, which we open coded aligned with
our emergent focus on physical-digital activity design
(Gioia et al. 2013). These interviews acknowledged the
dual focus on both physical and virtual activity design and
the intentional integration of these designed activities
across these realms. To ensure a solid foundation for our
theorizing, we consistently compared new data points with
existing ones across cases and informants (Charmaz 2006).

First, we examined which activities providers designed
in both realms, for which we triangulated observation
protocols from our own participant observations and the
interview data. We distinguished activities based on whe-
ther they were created through physical design choices,
digital design choices, or a combination of both. For
example, consider how the insertion of a computer-gener-
ated Madonna figure on a pedestal in a city center street,
viewed through AR goggles, prompted participants to walk
around it and direct their gaze in a specific direction. As
participants changed their position, the Madonna adapted
its virtual-visual properties in response to their perspective.
This examples, along with similar instances absorbed in the
open codes, illustrates how participants could trigger
algorithmic processes, such as through bodily movement in
the physical realm, that controlled or manipulated audio-
visual properties (e.g., the shapes of virtual artefacts or
sounds) within the virtual realm, which we subsumed under
the second-order category algorithmic handling (Gioia
et al. 2013).

Second, we investigated how these activities were dis-
tributed across physical and virtual realms. We noticed that
designed activities in one realm always featured a corre-
sponding activity in the other realm. For example, along-
side the algorithmic handling of the computer-generated
Madonna figure, we observed instructed haptic handling,
such as swirling a wine glass in WineCo or carrying a hat
box from one physical room to another and handing it over
to a different actor in the TimeCo case. These examples
illustrate how key designed activities occurred in both
realms as semantically matched pairs of actions, rather than

as disconnected or unrelated tasks. All experiences featured
designed operations in both physical and virtual realms that
together formed an integrative designed activity that jointly
created a cohesive physical-digital experience in line with
the providers’ experiential design goals. For example, the
design goal of ArCo and TabCo was to emotionally and
compellingly connect participants to the city’s history,
highlight its architectural evolution, and seamlessly
emphasize the appeal of the present-day cityscape. In the
WineCo case, the provider aimed to make the wine tasting
experience more engaging, accessible, and memorable by
using VR to visualize aromas that are simultaneously
transmitted during the physical degustation process, help-
ing participants more effectively identify and remember
specific flavor profiles.

Having identified these pairs of designed activities that
were semantically matched yet distributed across physical
and virtual realms, and through triangulation with our
observational data (Urquhart 2012), we then grouped the
different coded activities into two sets of four abstract,
summative, second-order categories that differentiated
between virtual and physical realm activities (Gioia et al.
2013). Each is rooted in design choices specific to its
respective realm. We found that we could categorize all
different designed activities as instances of four semanti-
cally matched types of actions: detecting, handling, navi-
gating, and interacting. For example, we categorized
activities for the perception of multisensory cues, such as
the haptic experience of touching a bronze statue during the
TabCo city tour, as multisensory detecting. Similarly, we
referred to the corresponding designed activities that
allowed participants to perceive synthetic audiovisual cues,
often highlighting key experiential themes or phases, as
audiovisual detecting. Examples include digitally produced
street music and audiovisual dialogues of virtual fig-
ures that carried the story forward.

Deriving the characteristics of the integrated physi-
cal-digital experience. To identify the distinct character-
istics of the physical-digital experience that emerged
because of these integrated activities, we drew on the core
idea from user activity design theory (Kaptelinin and Nardi
2007) that “actions are goal-directed processes that must
be undertaken to fulfill the object. They are conscious [...],
and different actions may be undertaken to meet the same
goal” (Nardi 1996, p. 71). Building on this idea and
aligning it with themes identified in our data regarding the
designers’ goals of creating a coherent physical-digital
experience, we found that these goals were closely tied to
the design of specific activities and their integration across
realms. For example, one provider explained that the
opportunity for participants to interact with a costumed
historical character embodied by a human actor was
designed to be later reinforced by a virtual interaction with
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the same character in the VR phase of the experience. This
continuity was implied through shared features such as
similar appearance, name, and clothing. The activities of
scripted and naturalistic interacting (identified during the
second stage of data analysis) were designed by providers
to serve as a narrative anchor, bridging and connecting the
two realms.

We triangulated these insights with our participant
observations to evaluate whether these design goals
effectively resulted in unique qualities of the physical—
digital experience. These observations illuminated the
properties that emerged from the participant-centric
engagement in both physical and virtual activities of an
offering. In the given example, the two of us who partici-
pated in the experience noted that interacting with the same
character across both realms successfully integrated expe-
riences in both realms, providing a coherent narrative
thread, where components in the virtual realm had a
physical analog to seamlessly integrate both realms. Con-
sequently, we organized this instance, along with similar
cases and the, under the dimension of cross-realm
anchoring (Gioia et al. 2013). This analytical approach,
which integrated observational and interview data, finally
enabled us to inductively derive three new theoretical
attributes as aggregate dimensions (Gioia et al. 2013) of
integrated physical-digital experiences, which we defined
as semsory enrichment, spatiotemporal and social recom-
bination, and cross-realm anchoring. These dimensions
capture the defining characteristics of a physical-digital
experience.

Linking the designed activities to the integrated
physical-digital experience. Finally, we analyzed how the
emergent properties of the physical-digital experience
were connected to the activities that were designed across
the physical and virtual realms. We conceptualized this
connection through two interdependent processes that we
termed localizing and de-localizing. Through the analysis
of interview and observational data, we noticed that all the
physical manifestations of the four key categories of
designed activities effectively grounded the experience in
physical reality, by leveraging tangible components such as
holistic sensory stimuli for multisensory detecting, per-
ceptible surroundings for bodily navigating, human actors
for naturalistic interacting, and physical properties and
objects for haptic handling. These designed activities
thereby ensured that a physical-digital experience always
featured a physically real, embodied connection to the
immediate environment (the location). Thus, we captured
this process as the act of localizing an experience in the
spatiotemporal setting of the experience. In contrast, we
noticed that all the digital manifestations of the four key
categories of designed activities effectively broke the
spatiotemporal boundaries of the physical environment of

@ Springer

the experience. They allowed users to explore simulated
dimensions that went beyond what was temporally or
spatially possible in the physical setting of the experience.
The designed virtual activities provided strategically pro-
duced synthetic cues for audiovisual detecting, fantastical
or distant sceneries or worlds for expanded navigating,
virtual characters from other eras or mythical creatures for
scripted interacting, and mutable audiovisual components
or features for algorithmic handling. In effect, these
activities de-localized the experience; they literally took
the user into activities that were far away, temporally
distant, or otherwise not possible in their concrete physical
setting.

We finalized our analytical process by creating a data
structure (Gioia et al. 2013) as a traceable audit trail of the
progression from raw data and codes to more abstract
categories and concepts (Fig. 2).

4 Case Analysis and Findings

4.1 How Providers Designed Semantically Matched
Activities in the Virtual and Physical Realm

In integrated physical-digital experiential consumer
offerings, the experience unfolds both in a physical realm,
a tailored part of the naturally occurring reality without
digital mediation, and in a virtual realm, a computational
reality that exists only in digitally embodied form. Both
realms can manifest in different ways. The physical realm
of experiential consumer offerings can take the form of a
natural realm, a subset of a physical landscape composed
of naturally occurring sensory cues around the participant.
It may also take the form of a curated realm, which
includes both naturally occurring and intentionally intro-
duced or orchestrated sensory cues. Similarly, the virtual
realm can take the shape of computed landscapes beyond
the spatiotemporal reach of the participant, such as distant
lands or historical sceneries (a distant realm), or even the
form of computed imaginary landscapes (e.g., worlds with
wizards and dragons) that have no real-world equivalents
or precedents (a fantastic realm). For example, in our
cases, the distant realm manifested in digital overlays of
historic facades in both AR historic city tour cases (TabCo
and ArCo), while the fantastic realm—among others—was
instantiated as floating aroma visualizations (e.g., floating
fruits) in the VR wine tasting (WineCo). A natural citys-
cape served as the natural realm in both AR historic city
tours. Each room of TimeCo was curated to depict different
themes (e.g., of a millinery, cinema, and cable car replica),
representing the curated realm.

Through our data analysis, we uncovered that each of
these realms was intentionally designed to facilitate distinct
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Raw data

Why are you now somehow spending a lot of money on rebuilding a streetcar like
this? But I believe that this is precisely the moment when people get on board
themselves and feel that they have it in their hands. To feel that this is a very,

very important building block for success. (TimeCo)

First-order open codes

Here in Cologne, where we knew that music was a very, very important theme,
our movie composer had the idea, what if we could use this street music. So we
said we'll take these Ostermann songs that are so well known and we'll use them
in different ways and we'll play them over and over again to fit the theme. They
might even have a little Easter egg that actually goes with the song. Those are
the little things that have a lot of depth to them. (TimeCo)

Producing or arranging elements whose properties can be
per-ceived across participants’ senses, such as haptic
impressions.

Authentic and symbolic street music is strategically
inserted into the VR experience to be heard in a specific
location.

You can see where your wine glass or food is, you can pick it up and interact
with your environment. (WineCo)

Physical objects are incorporated to be grabbed and
touched, allowing users to perceive their sensory and
geospatial properties (e.g., size, weight, surface structure).

| PA2:Haptic

And then you can actually virtually pick up the objects in the scenes and move

them around or Or the projection of the golden Mad. , as 1 said,
has a crown. The crown is already there. And the idea was that you could then
put the crown on the Madonna. (ArCo)

Audiovisual properties within the virtual realm (e.g., the
position of objects) are designed to trigger the gesturing of
participants and change their form in response.

1 think it's important to have these experiences held by a human being. Because if
you have a guide or a host or whatever, I think that is the best way. Somebody's
going to tell me what to do. Somebody's going to say when it's time to do this, so,
you know, when it comes to where to go from here and what to do next. (WineCo)

Encounters between participants and guides are designed to
trigger multimodal interacting, while the host or guide can
control the experience or respond to participants.

We have incorporated triggers which, given your high status, allow you to
experience unique interactions from your position within a beautiful baroque
carriage. Specifically, when you gaze at certain figures for an extended period,
they will actually bow. (TimeCo)

Second-order categories

PA1: Multisens-
ory detecting

VAL: Audiovi-
sual detecting

handling

VA2: Algorith-
mic handling

PA3: Naturalistic
interacting

VA3: Scripted

- — — interacting
The design encourages the activity of participants to
interact through facial expressions/positioning, prompting
virtual characters to perform scripted and directed visual
interactions in response.
PA4: Bodily

The guide walks with the group through the city, through certain areas, tells them
something about it and lets them participate in it (CEO, TabCo)

Embodied participants walk through the city on foot,
confined by geospatial boundaries set by the human guide.

|—"| navigating

Incorporating virtual elements that you can't otherwise see or can no longer see,
or that are in places you can't go to, or that deal with or depict experiences that
only take place once a year, such as the Rose Monday parade, in order to let
people participate in them. (CEO, TabCo)

Triggering the exploration of places or events that are
distant—either seasonally or historically—or inaccessible
in the physical realm but can be explored and experienced
within the unbounded virtual realm.

Key analysis steps:

Conduct within-case analysis

PV4: Expanded
navigating

Conduct cross-case analysis

Aggregate concepts

Sensory
enrichment

Spatiotemporal
and social
recombination

Cross-realm
referencing

Develop explanations

Fig. 2 Data structure and key analysis steps, expanded with illustrative quotes

yet semantically matched activities that contribute to par-
ticipation in the overall experience. These activities were
either materially designed (in physical realms) or created
through immersive systems technology (in virtual realms).
Table 4 summarizes these “pairs of activities” we identi-
fied and provides illustrative evidence from selected cases.

Multisensory and audiovisual detecting. The first set
of designed activities we uncovered was related to the
quantity and quality of sensory cues each realm provided
for participants to discern and experience. The physical
realm across the experiences we studied was in all cases
intentionally designed to facilitate multisensory detecting.
It offered participants opportunities to engage in actions
that enabled them to perceive a wide range of spatial,
interpersonal, and artefact-related sensory cues. For
example, TimeCo added smells as olfactory stimuli or
fabrics for tactile interaction to their physical-digital time
travel experience, WineCo provided carefully curated
wines for participants to smell and taste, and participants in
TabCo or ArCo city tours could observe pedestrians and
the cityscape, feel the outdoor temperature, and touch
specific object surfaces (e.g., of a bronze statue).

The matched designed activities in the virtual realm can
be described as forms of audiovisual detecting, that is,
activities for participants to identify specific, computed

cues that stimulate auditory and visual senses. These syn-
thetic cues, like high-fidelity sounds or hyper-realistic
computer-generated landscapes, enabled well-defined yet
limited sensory experiences. For instance, in TimeCo, a
well-known carnival song had been integrated as part of the
VR tram ride’s grand finale, creating an auditory highlight.
Similarly, synthetic soundscapes, like a cheering crowd
during a celebration scene in TabCo, or floating aroma
symbols in the WineCo experience, had been designed to
amplify sensory engagement within the virtual realm and
emphasize the particular phase of the experience. The
infusion of olfactory stimulation paired with a digital
audiovisual carnival scene by TimeCo is illustrated with
the subsequent quote:

Another sense we introduce is the sense of smell. We
have paired the smell of toffee with the carnival scene
where sweets are thrown.—CEO of TimeCo

Bodily and expanded navigating. The second set of
activities we identified focused on how an embodied
person navigated through a physical or virtual realm. In the
physical realm, we observed that navigation activities were
tailored to the natural or curated spatiotemporal boundaries
(e.g., walls in a physical venue room, streets, and rows of
buildings in a city center), enabling a natural, embodied

@ Springer



., Bus Inf Syst Eng

Table 4 Activities designed in the physical and virtual realms of the experiences we studied

Selected evidence from the cases

Designed Realm Definition

activity

Multisensory  Physical Purposefully created holistic sensing activities that allow

detecting participants to discern naturally occurring or purposefully
produced cues from the natural or curated physical realm

Audiovisual ~ Virtual ~ Purposefully designed selective sensing activities that

detecting allow participants to discern computed auditory and
visual cues in the virtual realm

Bodily Physical Purposefully designed locomotion activities that are

navigating confined to natural bodily movements within defined
spatiotemporal boundaries and that allow participants to
explore the curated or natural physical realm

Expanded Virtual ~ Purposefully designed digital locomotion activities that

navigating overcome spatiotemporal constraints of physical
movement and thereby allow participants to explore
fantastic or distant virtual realms audiovisually

Naturalistic Physical Intentionally designed multimodal interaction activities

interacting that allow participants to engage with human actors
through both scripted and unscripted interactions in the
physical realm

Scripted Virtual ~ Purposefully designed, algorithmically orchestrated

interacting interaction activities that allow participants to have
preprogrammed interactions with virtual characters
through auditory and/or visual means

Haptic Physical Intentionally designed tangible manipulation activities

handling that allow participants to reshape and reposition artefacts
(i.e., change properties like weight, size, and orientation)
in the curated or natural physical realm

Algorithmic Virtual  Purposefully designed preprogrammed algorithmic

handling manipulation activities that allow participants to reshape

or reposition audiovisual features of components in the
virtual realm through movement or gestures

The city tour participant senses the full range of cues that
make up the spatial environment, including visual scenes,
scents, tactile experiences, and background sounds

During an AR city tour, participants hear digital church
music and see a virtual Madonna statue projection on the
sidewalk, both designed for audiovisual perception

Before starting the VR tram ride in the time-travel
experience, participants enter a reconstructed cinema, sit
on authentic benches, or stroll through a millinery. Their
natural bodily movement is naturally limited by the
room’s walls and objects

In a VR time-travel experience, participants navigate
through historical Cologne aboard a simulated tram ride.
The experience transitions into a bird’s-eye view as
participants take a simulated flight over modern Cologne

A human guide in the AR city tour narrates the
experience, with interactions either following the tour’s
theme and structure or deviating into personal anecdotes
or individual technical assistance

In an AR city tour, holograms of public figures are
programmed to adjust their orientation in response to the
participant’s gaze, utilizing location and motion sensors
embedded in the AR glasses

In the VR time travel experience, participants carry a
hatbox from one room to another as part of the narrative
and a deliberate transition from the curated physical
realm (carefully designed thematic rooms) to the virtual
realm (a VR tram ride through historic Cologne)

In an AR city tour, a computed scene of a street festival
unfolds, dynamically triggered by the participant’s
directed gaze and gestures

form of locomotion (e.g., walking, running, jumping),
consistent with real-world physical experiences. Thus, all
cases included designed activities that were about bodily
navigating. For example, in the ArCo case, participants
were allowed to walk through the city center within
physical spatiotemporal boundaries, such as walls and busy
streets, while aligning with the tour route’s key sights (e.g.,
a renowned theater or a church). Conversely, the corre-
sponding designed activity of expanded navigating in the
virtual realm was designed to enable participants to
audiovisually explore spaces, which were either physically
inaccessible or entirely imaginary within distant or fantas-
tic realms, outside regular spatiotemporal boundaries (e.g.,
events occurring far earlier or later than the natural
progression of time, such as a 1920s carnival parade), or
which involved forms of locomotion typically not available
to humans (e.g., flying, teleporting). In the TabCo case,
participants could visually explore a brewery cellar —
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normally inaccessible to the public — via its detailed virtual
representation on a tablet PC. In the ArCo case, partici-
pants could walk through a virtual portal into the entrance
hall of a historic mansion. However, in the physical realm,
just a few meters behind the portal, a storefront display in
the city center would block physical navigation in that area
or cause participants to walk into the store. To prevent this,
specific coordination mechanisms were incorporated to
map bodily and virtual movement to avoid such situations,
as the CEO explained:

People sometimes placed the scenes in completely
absurd locations, leading to crazy consequences. At
times, you had to position scenes through a shop
window, only to realize that you couldn’t actually go
through the window. There was also the funny side
effect that people would enter these shops and prac-
tically walk into the scene inside. -CEO of ArCo
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Naturalistic and scripted interacting. The third set of
designed activities focused on the modes of social inter-
action facilitated in both the physical and virtual realms. In
all four experiences we studied, participants interacted with
both human actors and virtual characters in ways that either
aligned with an experiential narrative (e.g., introducing a
historical character) or served functional purposes (e.g.,
guiding the tour or assisting with technical issues). In the
physical realm, we observed that by employing human
guides and/or facilitating conversations among partici-
pants, providers designed forms of naturalistic interacting
that allowed participants to engage multimodally with
human actors in both scripted and unscripted ways. For
instance, in the WineCo case, a human tasting leader was
employed to engage with participants, sharing sommelier
knowledge, asking about the aromas they perceived, and
handing wine bottles and glasses. While these interactions
followed the experience’s theme and were part of the
scripted narrative, they could occasionally be spontaneous
when participants asked follow-up questions. In contrast, in
the virtual realm, interactions with virtual characters were
designed to foster scripted interacting, where participants
engaged in algorithmically pre-programmed brief interac-
tions that were triggered by audiovisual cues or gestures.
These interactions were generally nonverbal and varied in
interactivity. For example, in TimeCo, when participants
turned around in the tram they had been sitting in during
the VR ride, virtual characters adjusted their gaze to face
them directly. Two explanations illustrate these design
choices:

We have incorporated triggers which, given your
high status, allow you to experience unique interac-
tions from your position within a beautiful baroque
carriage. Specifically, when you gaze at certain
characters for an extended period, they will actually
bow. I believe these are the primary triggers designed
to enhance engagement and introduce more interac-
tive components. — CEO of TimeCo

There was a conscious decision behind this. When
you have an experience like this you still need some
form of guidance from a human entity. Whether that
guidance is remote or delivered through a recorded
voiceover, I don’t find it as valuable. However, for a
wine tasting, especially given the novelty involved, it
was incredibly important to have someone present —
like myself — or other wine and gastronomy profes-
sionals who could also provide presentations. — CEO
of WineCo

Haptic and algorithmic handling. A fourth set of
designed activities allowed participants to interactively
manipulate physical or digital components within both
physical and virtual realms. In the physical realm,

providers created activities for haptic handling, meaning
the possibility for participants to physically grasp, reshape,
or reposition tangible artefacts with physical and spa-
tiotemporal attributes such as shape, weight, size, or
surface conditions. For example, in the WineCo case,
participants physically swirled a wine glass to explore the
sensory cues, such as the intensity of the wine’s aroma. In
the TimeCo case, a newspaper was handed to participants
at the start of the experience, serving as a tangible link to
the historical story that would unfold in the subsequent
experience. In the virtual realm, the equivalent activities
manifested as a form of algorithmic handling, where
participants used bodily cues (such as gaze or touch) to
trigger algorithmic procedures that manipulated audiovi-
sual features of the virtual experience. For example,
triggered by the directed gaze of participants in the ArCo
city tour, a virtual Madonna statue changed its visual
properties according to the positioning and direction of the
participants’ look, as the CEO explained:

And then you can virtually pick up the artefacts in the
scenes and move them around or something. Or the
projection of the golden Madonna, as I said, has a
crown. The crown is already there. And the idea was
that you could then put the crown on the Madonna. —
CEO of ArCo

4.2 How the Physical-Digital Experience Leveraged
the Designed Pairs of Activities

While our data analysis allowed us to identify four pairs of
activities designed in either the physical or virtual realm, it
also became clear that the experiential consumer offerings
included activities that spanned both realms and drew on
components of both. Providers recognized the functional
need to combine and orchestrate activities across the
physical and virtual realms to integrate them, overcome the
experiential limitations of each realm, and familiarize
participants with immersive systems by maintaining ref-
erences to the familiar physical realm. This created a
unique experience that extended what could be done and
experienced in the physical and virtual realms in isolation.

Even the GPS tracking was based on the same idea.
Originally it was going to be an automatic control,
meaning that when you arrived at the location, the
scene would automatically start at the right point
without any user control. However, we realized that
because the pedestrian zone is so busy and constantly
changing, with construction sites and installations, if
we had fixed it to a specific point - let’s say there was
a weekly market there and something was being
displayed - it wouldn’t have worked. So the next
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logical idea was to allow users to set these scenes
themselves through gestures. — CEO of ArCo

The result of these efforts is what we call a physical—
digital experience that integrates constituents from both the
physical and virtual realms and allows participants to be
digitally immersed while also being physically embodied.
One executive stated this intent as follows:

The main motivations were to offer a guided tour that
is not only analogue, but also uses digital components
to make things visible that you can no longer see in
the real world, not only in analogue form, but also
through digital media. In other words, looking into
the past to create a context for the here and now. To
make visible things that would otherwise remain
hidden because the door is locked. To show things
you can’t get into, or scenes that take place at another
time of year. — CEO of TabCo

This quote illustrates how providers integrated activities
across different realms. Each experience allowed natural
movement, through the city center (natural navigating),
exploration of a brewery cellar (unbounded navigating), or
walking through a historic marketplace. Participants
encountered multisensory stimuli from the natural realm
(e.g., seeing and touching a bronze statue, experiencing the
cityscape) (multisensory detecting), alongside emphasized
cues (e.g., cheering in a virtual carnival projection)
(audiovisual detecting) via a tablet PC. A human host
provided guidance (naturalistic interacting), while gestures
or repositioning caused objects to change shape or
perspective (e.g., statue projections, passing carriages)
(algorithmic handling).

We identified three key characteristics of the resulting
physical—digital experience that characterize it as an inte-
grated experience: spatiotemporal and social recombina-
tion, sensory enrichment, and cross-realm anchoring.
Spatiotemporal and social recombination describes how the
physical—digital experience provided participants with a
new layer of meaning in the experience that was designed
by recombining experiential components from the physical
or virtual realms across spatial, temporal, or social
dimensions. In our cases, these components could be of
spatiotemporal (e.g., the historical and contemporary
cityscapes were visually compared) or social nature (e.g.,
the exact historical figure appeared in both realms), and
they were recombined through narrative and spatiotempo-
ral connections. For example, during the AR city tours of
ArCo and TabCo, the projection of authentic historic
facades onto their contemporary counterparts in the citys-
cape at precise locations allowed participants to engage in
a direct visual comparison of the present with times long
past. This feature allowed participants to learn about
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architectural evolution and broke the linearity of time,
enabling participants to experience past events in distant
realms while underscoring the constant reference to the
here and now. Consider how the designer of TabCo
expressed spatiotemporal and social recombination:

They can see a scene of what the old town looked like
in the 19th century or what the old town looks like
when we have the Rose Monday parade. Otherwise
you’re standing in the square and there’s a monument
and there’s a city hall and there’s people walking
around and there’s nothing else. And so you can
experience this particularity of a Rose Monday par-
ade that you can only experience if you are there,
even in the summer, at a different time of year. —
CEO of TabCo

Moreover, the integration of holograms of historic fig-
ures, represented by celebrities, into the otherwise static
cityscape introduced a synthetic social interaction, as
indicated by an informant from ArCo:

These are some scenes, but it’s these interactive
scenes - for example in the pub, where two people
talk to each other the whole time and you still have
the opportunity to look around — that really captivate
people. And these scenes wouldn’t be as successful
without the actors. — project lead at ArCo

The second salient characteristic of integrated physical—
digital experiences was their sensory enrichment, which
describes the multisensory richness participants could
experience when presented with orchestrated interdepen-
dent physical and digital sensory cues. Sensory enrichment
occurred when physical sensory cues intensified or sup-
plemented corresponding digital sensory cues, and vice
versa. In the case of ArCo, for example, participants could
listen to festive street music and watch a carnival in the
virtual realm, while still being able to discern the back-
ground noise of a bustling city from the physical realm. In
the case of TimeCo, participants could catch the sweet
smell of toffee in an old theater while watching a black-
and-white movie premiere. Virtual characters on the screen
seemed to inhabit the theater alongside them, providing an
immersive sensation of shared spaces. In one scene, a
carnival truck could be seen and heard, where people were
throwing sweets, and this digital sensory cue was supple-
mented by the infused physical toffee smell. Sensory
enrichment was thus key, as explained by the main
designer of TimeCo:

Adding scent during the VR ride and consciously
triggering certain moments during the ride is another
aspect. When I drive past Cologne Central Station,
the train comes in, and suddenly there is a bit of
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steam, or at the end, when the carnival candies are
thrown, I have the smell of toffee candy. I believe
that this adds another level of immersion to the
experience. — CEO of TimeCo

The third salient characteristic of the physical-digital
experience we uncovered was cross-realm anchoring,
which describes how activities in one realm functioned as
physical, conceptual, and social anchors in the opposing
realm. For example, in the case of ArCo, AR-mediated
navigation cues, such as digital arrows and distance
visualizations, assisted participants in navigating through
the physical city layout and alerted them to physical
obstacles, such as intersections. Here, the digital symbols
drew on physical geolocation points tracked through
sensors for precision. In this case, cross-realm anchoring
was designed to ensure a seamless and safe exploration of
the urban environment. In the TimeCo case, cross-realm
anchoring manifested in the form of an artefact, a hat.
Participants could touch, wear, and hand a physical hat to a
human actor in the replicated 1920s millinery. The same
hat was displayed multiple times throughout the experi-
ence, in both physical and digital form, thereby establish-
ing a point of cross-reference between the realms.
Similarly, we also discerned social references, such as
when human actors and virtual characters reappeared
throughout the experience in both realms. As the designer
put it:

We have brought a real actress into these three
dimensions. And that was also a need for us to say
that’s there and that’s what a physical hat store
looked like back then. And it has been reconstructed
and it has also been deliberately reconstructed toge-
ther with a traditional hat-making family from
Cologne. And then we just said, okay, in the third part
we’ll transfer the figure into the virtual world, where
it already has a task that we encounter again and
again and so on. And that was the transition. Of
course, there is a difference between a digital char-
acter and a real character: it’s a bit of a transition
between a virtuality and a reality, a bit of a smooth
transition. And it helps me a bit to build this bridge
into this world. -CEO at TimeCo

Finally, in cases like ArCo or WineCo, the presence of
human hosts facilitated cross-realm anchoring. They served
as social reference points that helped participants navigate
the virtual realm or assist when technological errors
disrupted the experience.

4.3 A Theoretical Model of the Dual Constitution
of Physical-Digital Experience

Figure 3 shows the conceptual model we developed to
organize and abstract the insights we gained about the
design of activities in both physical and virtual realms and
how these can be integrated to create a coherent physical—
digital experience. The model presents two sets of designed
activities in physical and virtual realms and shows how
their integration creates a fusion of the two realms through
localizing and de-localizing each other. This fusion pro-
duces an intentionally integrated physical-digital experi-
ence through spatiotemporal and social recombination,
sensory enrichment, and cross-realm referencing. These
three attributes are what characterize physical-digital
experiences as cutting across both physical and virtual
realm constituents to allow participants to be both digitally
immersed and physically embodied.

Key to our explanation of the design of integrated
physical—digital experiences is how activities are designed
within both the physical and virtual realms so that they
constitute different yet semantically aligned operations that
together overcome the experiential limitations of each
operation alone. The key mechanism to this integrated
fusion that produces the integrated experience is an inter-
dependent cycle of localizing and de-localizing experien-
tial activities. Localizing involves grounding experiential
activities in the physical realm by leveraging tangible
components such as multisensory input, perceptible fea-
tures of the immediate physical surroundings, and social
interactions with other human beings, creating a concrete
and embodied experience. This spatiotemporal grounding
ensures participants remain aware of their physical pres-
ence and can engage naturally with their environment.
Components of the physical realm, such as participants’
physical position and peripheral cues like smells, temper-
ature, and breezes, help anchor the experience by main-
taining a connection to the real-world context. De-
localizing, on the other hand, utilizes the virtual realm’s
capabilities to transcend the physical and spatiotemporal
boundaries of an experience, thereby opening new simu-
lated dimensions that extend beyond reality. This process
breaks traditional limits such as geography, time linearity,
bodily limitations, and physical laws, enabling users to
experience the seemingly or physically impossible — such
as flying, meeting mythical creatures, or traveling through
time and distant places. These new possibilities augment
the experience in ways that the physical world cannot.

Our model also explains that four pairs of activities in
physical—digital experiences correspond to four categories
of experiential action. First, in experiences, participants
can detect audiovisual cues in the virtual realm or discern
full-blown multisensory cues in the physical realm. Both
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Physical realm designed
activities
* Multisensory detecting
* Bodily navigating

* Naturalistic interacting

* Haptic handling

localizing
3uizijpooj-ap

Virtual realm designed
activities

* Expanded navigating

* Scripted interacting

* Algorithmic handling

+ Audiovisual detecting

Physical-digital experience

* Spatiotemporal and social

integrating recombination

+ Sensory enrichment

* Cross-realm anchoring

Fig. 3 The constitution of physical-digital experiences through the design of integrated activities in both physical and virtual realms

kinds of cues are designed as deliberate components of an
experiential consumer offering. Second, experiences
revolve around interacting with social and non-animate
surroundings (Merleau-Ponty 1962; Yoo 2010), whether
naturalistic or scripted. Third, almost every experience,
whether digitally mediated or physical in nature, involves
some form of locomotion, or the illusion thereof, whether
bounded within the possibilities of the human body in
space and time or expanded altogether. Fourth, most
experiences that involve physical or digital artefacts
require handling, either repositioning or reshaping tangible
artefacts through haptic interaction or their audiovisual
properties, executed through algorithmic logic.

The fusion of these pairs of activities for detecting,
interacting, navigating, and handling, through a mutually
constitutive cycle of localizing and de-localizing, gives rise
to the characteristics — spatiotemporal and social recom-
bination, sensory enrichment, and cross-realm anchoring —
that together coin the complexified and multilayered nature
of a physical-digital experience. For example, the time
travel experience offered by TimeCo began in a curated
physical realm, where participants could discern a wide
range of multisensory cues — they caught the sweet smell of
toffee, sat in a digital movie theater that showed a spec-
tator’s perspective of the main characters and initiated the
time travel experience on a movie screen, felt the softness
of fabrics, and stepped into a 1920s millinery shop sur-
rounded by jazz on vintage vinyl (a form of spatiotemporal
and social recombination). In this room, the experience
crossed realms: digital representations of a historical fig-
ure appeared on a digital screen and interacted with the
human actress in the physical realm to create a smooth and
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frictionless transition between realms (an instance of cross-
realm anchoring). As the experience progressed, partici-
pants sat down in a physical cable car for a virtual tram ride
through historic Cologne, instantly whisked back a century
in time. During the ride, participants not only recognized
high-fidelity visuals (e.g., historic facades, virtual charac-
ters roaming the streets) or sounds, but they also felt the
tram’s speed and the breeze on their faces and clothes
thanks to strategically placed air movers (an example of
sensory enrichment). Taken together, the physical-digital
experience exceeded any experience that could be provided
by the physical or virtual realm alone. At all times, whether
walking through the physical venue rooms or experiencing
the VR tram ride, the physical embodiment of the partici-
pants localized the experience in the here and now, main-
taining their receptivity to physical sensations and the
ability for haptic interactions, while the virtual renditions
of 1920s Cologne in the VR tram ride de-localized the
experience by breaking the experiential limitation of the
physical realm to experience landscapes beyond the spa-
tiotemporal reach of individuals.

5 Discussion
5.1 Theoretical Contributions

Our findings contribute new insights to the literature on
immersive systems. We add new knowledge about how
designing activities, such as movement, gestures, and
embodied interactions, can collectively shape integrated
physical—digital experiential consumer offerings that span
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across physical and virtual realms, combining components
and enabling sensory stimulation that neither realm can
provide on its own. Our analysis highlights the importance
of integrating designed activities within both physical and
virtual realms through a dynamic process of localizing and
de-localizing that anchors an experience in tangible, site-
specific contexts to acknowledging that human beings are
perpetually embodied, experiencing the world through
bodily movement and physical presence whilst also liber-
ating participants from physical and spatial constraints by
incorporating the boundless possibilities of the virtual
realm. The result is a multifaceted, holistic sensory phys-
ical—digital experience that integrates the strengths of both
realms.

Our study also adds to the broader conversation about
the role of physicality for the digital innovation of offerings
such as products or services (e.g., Recker et al. 2024; Von
Briel et al. 2018; Wang et al. 2022). We contribute new
knowledge about the experiential aspect of physicality as
the spatiotemporal context in which individuals experience
sensory, social, and spatial cues that trigger or bind bodily
experiences. This consideration of how the integration of
the physical and virtual realms creates a physical-digital
experience — achieving meaning and significance that
neither realm could achieve on its own — is our key insight
because it highlights that physicality is not a countermea-
sure to the immersive potential of digital innovations, but
rather a catalyst. When thoughtfully integrated and syn-
chronized with a designed virtual realm, physicality can
extend the limits of both realms by allowing for recombi-
nation, cross-realm referencing, and sensory enrichment of
experiential components in either realm.

Finally, by highlighting the importance of cross-realm
referencing, our study draws attention to neglect. For
example, sensory cues like sounds that are not aligned with
the experiential theme (e.g., a cellphone ringing during a
historical city tour) (Oh et al. 2019) or locomotion in one
realm that is not mapped to properties of the other realm
can disrupt the experience and lead to unintended conse-
quences (e.g., participants bumping into a storefront during
a city tour) (Steinicke et al. 2009). Failing to account for
the limitations or boundaries of one realm can cause seri-
ous harm (Chesler 2024). In experiences set in the natural
realm, this insight has led designers to create activities that
promote cross-realm anchoring and warn participants of
physical risks, such as busy streets (as seen in our ArCo
case), within the virtual realm through audiovisual cues or
notifications. Thereby, our work highlights not only the
benefits of accounting for both the physical and digital
realms in experience design (Melo et al. 2022; Wang et al.
2022), such as increases in immersion by adding physical
sensations to a virtual experience (Harley et al. 2018), but it

also highlights the potential for severe distractions or risks
that can emerge from a lack of cross-realm referencing.

5.2 Opportunities for Future Research

Different avenues for future research exist that could build
on our findings. These are summarized in Table 5. The first
key opportunity to progress from our work lies in evalu-
ating the qualities of an integrated physical-digital expe-
rience. Our work suggests that integrated physical-digital
experiences are characterized by three core attributes that
designers adopt as their design goals. However, our work
does not make evaluative claims, so we recommend that
future research incorporate participants’ perspectives to
assess the quality and impact of experience design that
follows the design goals and choices we uncovered. This
could involve measuring perceived value, quality, and
levels of immersion. For example, evaluating immersion
among participants is particularly relevant, as this cogni-
tive concept has been shown to drive satisfaction and joy in
experiential contexts (Agarwal and Karahanna 2000;
Peukert et al. 2019). Similarly, evaluating the perceived
value of experiences can provide insights not only into
participation outcomes but also into potential entrepre-
neurial benefits for companies (Lorenz et al. 2024). Link-
ing such insights to the design choices made across the
offerings could provide valuable information, as shown in
other contexts (e.g., Hsiao et al. 2024; D. Liu et al. 2017,
Y. Liu et al. 2019. For example, we suggest that blending
activities across physical and virtual realms is advanta-
geous. However, future studies can help specify the
mechanisms of blending and identify which of the two
realms should serve as the anchor under specific condi-
tions. Additionally, they can investigate the effects (e.g., in
terms of levels of immersion) of an integrated versus an
unintegrated experience. Future studies can also explore
how the blending of designed activities may differ between
VR and AR.

Further empirical work (using classical design science
or design archaeology approaches) would also be needed to
formulate prescriptive, context-sensitive guidelines for
when which physical-digital design configuration is indi-
cated and which conditionalities (e.g., type of experiential
offering, physical realm characteristics) need to be con-
sidered (Gregor et al. 2020; Peffers et al. 2007). Future
research could benefit from a more granular analysis of
physical-digital experiential consumer offerings, for
example, by examining the relative weighting of each
realm in shaping the experience and allowing statements
about how to prioritize the design of which activity by
localizing and de-localizing. This approach could yield
more nuanced design insights and offer a deeper
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Table 5 Overview of opportunities for future research

Theme

Our findings

Opportunities for future research

Implications of a
physical-digital
experience

Physical—-digital
activity design

An integrated physical—digital experience leverages the
strengths of both realms and provides characteristics that
neither realm could offer in isolation

Designers adopt the three characteristics of the integrated
physical-digital experience as their design goals

Physicality serves as the spatiotemporal context for
embodied experiencing individuals and as a source of cues
that trigger or integrate bodily experiences

Integration should follow a dynamic cycle of localizing and
de-localizing, rooted in the embodied nature of human
experience

Activities should be designed to integrate seamlessly across
physical and virtual realms for a coherent experience

Participant-centered exploration of the perceived qualities
and value of physical—digital experiences

Linking participants’ experiential quality perceptions and/or
levels of immersion to specific design goals and choices,
and their recombination

Conducting comparative studies on immersion levels
between integrated physical—digital experiences and
purely digital environments

Exploring the role of physicality as an anchor or lever for
digital innovation (e.g., to respect the embodied human
nature)

Investigating the mechanisms of cross-realm activity

blending and conditions under which the physical or virtual

realm should serve as the experiential anchor

Examining how the design of activities and integration
strategies should vary between VR and AR environments,

along with their respective impacts on user experience and
immersion

Studying the impact of semantically matched versus
mismatched activity pairs on user immersion

understanding of how different realms contribute to the
overall immersive experience (Steffen et al. 2019).

Finally, we advise research to build on our observations
that physicality (embodied by the physical realm and its
constituents) serves as an anchor and lever for digital
innovation and that human beings are always embodied,
sensually experiencing entities (Chughtai 2021). This
implies studying the roles that physicality can play in
digital innovation even more systematically (Goebeler
et al. 2024) and with a specific focus on commercial
offerings in the experience economy (Pine and Gilmore
1998).

5.3 Implications For Designing Coherent Physical—
Digital Experiences

Practically, we can distill preliminary design advice from
our findings that could be useful for experience-economy
providers. First, designers should thoroughly explore and
understand the realms they are working with (Wang et al.
2022). Our analysis identifies four key realms: natural and
curated physical realms, as well as distant and fantastical
virtual realms. This understanding enables a clear distinc-
tion between native components — those inherently present
in their natural environment — and designed components,
which are the outcomes of physical or computational
manipulation. These diverse components collectively con-
tribute to the user experience and can be seamlessly
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integrated into activities that can be crafted within and
across both physical and virtual realms.

Second, designers can adopt the three characteristics of
the integrated physical-digital experience we identified as
their design goals. For example, to achieve sensory
enrichment, we recommend that providers evaluate which
stages or components are most critical to their experience
and, based on this analysis, enhance those sensory cues by
either intensifying or supplementing them with other sen-
sory cues (e.g., pairing natural soundscapes in a city tour
with synthetic street music) (Lorenz et al. 2024). Doing so
could also include adding tactile artefacts, incorporating
scents, or even introducing taste cues. In this way, provi-
ders can mitigate some of the financial costs of digitally
produced immersion and compensate by leveraging the
physical activities available (here, multisensory detecting).

Third, designers should think about semantically
matching pairs of activities when considering which com-
ponents to design in physical and digital realms. Our study
suggests that activities can be specifically designed in one
realm to be semantically matched to a set of activities in
the other realm, and that blending the sets across realms
can integrate the physical-digital experience. Designers
can intentionally create activities in one realm to either
localize or de-localize activities in the other. Poor seman-
tically matched pairs of activities may lead to issues in
localizing and de-localizing, which, in turn, affect the
cross-realm referencing in the designed physical-digital
experience. These issues may even lead to safety problems,
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such as when participants walk toward a tangible barrier in
the physical realm (e.g., a wall) while seeing a vineyard in
the virtual realm. An example of a semantically matched
pair of activities is the synergy between haptic and algo-
rithmic handling routines, which incorporates not only the
act of grasping a box in the physical realm but also coor-
dinates an audiovisual response in the virtual environment
to enhance the experience. In addition, designers can
structure interactions in a variety of ways: they can script
interactions with historical or mystical figures to follow a
storyline (scripted interacting), or they can design more
organic interactions that allow for flexible, realistic
engagement (naturalistic interacting), which may be
appropriate when the experience requires constant super-
vision of the use of the technology (e.g., for older groups of
participants) or the experience itself (e.g., as a sommelier
in a VR wine tasting).

Fourth, our findings provide some insights about how
providers can achieve a coherent physical-digital experi-
ence cost-effectively. Particularly in cases where the
physical realm plays a significant role in the experience
(e.g., city tours where the status quo of the site is a central
part of the experience), it is important not to focus solely
on the creation of highly immersive digital components
enabled by sophisticated and costly immersive systems
technology (both hardware and software) (Wang et al.
2022). Rather, it is advisable to consider more mundane
applications where immersive systems enhance the expe-
rience by overcoming some of the limitations of the
physical realm and revealing some of the characteristics of
a physical—digital experience. An example of this is ArCo’s
city tour, where more mundane digital overlays are pro-
jected onto the present cityscape via a hand-held tablet PC,
but show scenes from long ago, allowing experiential
layering without the investment of a full-blown VR
experience.

5.4 Limitations

Our study is not without limitations. First, we caution that
the ability to generalize from our research is limited. The
transferability of the findings from our study is, amongst
others, constrained by the limited heterogeneity of expe-
riential consumer offerings (experiential consumer offer-
ings cover a wide range of types, such as adventure
activities, aesthetic cultural experiences, or meditation
workshops). Furthermore, all of our cases were located in
Germany, and we were not able to cover the broad range of
potential immersive systems configurations that could be
used for such offerings (e.g., Dincelli and Yayla 2022).
Still, all our cases faced a similar challenge and common
goal: how to design activities that leverage properties of
the virtual realm (produced by immersive systems) and

merge them with those created in the physical realm to
provide an experience that crosses what participants would
be able to perceive or do in either realm alone. Thus, our
abstracted theoretical concepts may be useful for analysis
and explanation in other settings that involve alternative
experiential themes, different forms of immersive systems
mediation, or different geographic locations. It is important
to note, however, that their usefulness remains an empirical
question.

Second, we sampled multiple cases and collected data
until we felt saturated with the information that additional
data slices could provide (Charmaz 2006; Urquhart 2012).
Nevertheless, our data, while drawn from multiple sources
and rich in information, could be expanded, and our anal-
yses, while traceable and transparent, could be done
differently.

Third, other types of cases might exhibit different con-
figurations of designed activities, which could manifest in
different ways. For example, movement might be restricted
even in the virtual realm, such as in a virtual room that can
only be explored through small head movements, thereby
lacking the potential for expanded navigating and its role in
de-localizing the experience. Alternatively, certain
designed activities may be entirely absent, such as in cases
where a physical-virtual experience does not require any
form of social interaction, neither naturalistic nor scripted.
Further, the advent of Al-coordinated social interactions in
virtual realms with virtual characters, powered by
advanced large language models (LLMs), could delimit the
activity of scripted interacting in the virtual realm. The
first indicator of this shift is in cutting-edge avatars, whose
responsiveness and reactivity go beyond the narrow scripts
present in the cases studied (NTT Data 2024).

Finally, we propose four design implications based on
the insights from our empirical study linked with our
understanding of prior works. Despite their empirical and
theoretical grounding, these design implications can benefit
from future validation in terms of proof of concept — the
extent to which they are applicable in designing new
physical—digital experiences — or proof of value — whether
and how much these guidelines help to improve the design
process and outcome (Nunamaker et al. 2015).

6 Conclusion

Many human experiences take place firstly or primarily in
digital realms — from work to social networking and
gaming. Yet we still remain physically embodied beings,
firmly situated in the physical realm of our real lives, and
our bodies remain receptive to both digital and physical
sensations, meaning that not only does the digital shape the
physical, but also vice versa. Understanding the
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interdependencies of digital and physical aspects of human
existence might help at the present juncture, where we
seem to step into an even more digitalized and algorith-
mically organized future.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Supplementary  InformationThe online version contains
supplementary material available at https://doi.org/10.1007/s12599-
025-00956-0.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Agarwal R, Karahanna E (2000) Time flies when you’re having fun:
cognitive absorption and beliefs about information technology
usage. MIS Q 24(4):665-694

Asatiani A, Hamaéldinen J, Penttinen E, Rossi M (2021) Constructing
continuity across the organisational culture boundary in a highly
virtual work environment. Inf Syst J 31(1):62-93

Azuma DT (1997) A survey of augmented reality. Presence Teleoper
Virtual Environ 6(4):355-385

Barrett M, Davidson E, Prabhu J, Vargo SL (2015) Service innovation
in the digital age: key contributions and future directions. MIS Q
39(1):135-154

Berg LP, Vance JM (2017) Industry use of virtual reality in product
design and manufacturing: a survey. Virtual Real 21(1):1-17

Bertelsen OW, Bgdker S (2000) Introduction: information technology
in human activity. Scand J Inf Syst 12(1), Article 3

Bgdker S, Hoggan E, Larsen-Ledet 1 (2024) Material mediation in
collaborative activity. Proc ACM Hum-Comput Interact. https://
doi.org/10.1145/3653698

Bowman DA, McMahan RP (2007) virtual reality: how much
immersion is enough? Comput 40(7):36-43

Cavusoglu H, Dennis AR, Parsons J (2019) Special issue: immersive
systems. J Manag Inf Syst 36(3):680-682

Cerulo KA (2019) Embodied cognition. The Oxford Handbook of
Cognitive Sociology, p. 81

Chandra Kruse L, Drechsler K (2022) Digitalization of multisensory
collective activity: the case of virtual wine tasting. J Inf Technol
37(4):341-358

Chandra Kruse L, Seidel S, vom Brocke J (2019) Design archaeology:
generating design knowledge from real-world artifact design. In:
14th International conference on design science research in
information systems and technology. Springer, Cham, pp 32-45

Charmaz K (2006) Constructing grounded theory: a practical guide
through qualitative analysis. Sage, Philadelphia

@ Springer

Chesler K (2024) Virtual reality players are suffering real broken
bones, other injuries. https://www.washingtonpost.com/wellness/
2024/07/23/virtual-reality-real-world-injuries/. Accessed 13 Nov
2024

Chughtai H (2021) Taking the human body seriously. Eur J Inf Syst
30(1):46-68

Coie P (2019) Leading obstacles to mass adoption of virtual reality
(VR) technologies according to industry experts in 1st quarter of
2019. https://www.statista.com/statistics/1098566/obstacles-to-
mass-adoption-of-vr-technologies/. Accessed 21 May 2025

Cranmer E, Urquhart C, Claudia tom Dieck M, Jung T (2021)
Developing augmented reality business models for SMEs in
tourism. Inf Manag 58(8)

Cucher DJ, Kovacs MS, Clark CE, Hu CKP (2023) Virtual reality
consumer product injuries: an analysis of national emergency
department data. Injury 54(5):1396-1399

NTT Data (2024) The game changer for Al avatars—Digital humans:
out of the box! https://nttdata-solutions.com/us/blog/metahu
mans-digital-humans-out-of-the-box/. Accessed 21 November
2024

Dincelli E, Yayla A (2022) Immersive virtual reality in the age of the
Metaverse: a hybrid-narrative review based on the technology
affordance perspective. J Strateg Inf Syst 31(2):1-22

Fertleman C, Aubugeau-Williams P, Sher C, Lumley S, Delacroix S,
Pan X (2018) A discussion of virtual reality as a new tool for
training healthcare professionals. Front Publ Health 6:1-5

Flavian C, Ibanez-Sanchez S, Oris C (2021) The influence of scent on
virtual reality experiences: The role of aroma-content congru-
ence. J Bus Res 123:289-301. https://doi.org/10.1016/j.jbusres.
2020.09.036

Flavian C, Ibafiez-Sanchez S, Orts C (2019) The impact of virtual,
augmented and mixed reality technologies on the customer
experience. J Bus Res 100:547-560

Fowler S (2021) Using augmented reality, London takes its art to the
streets.  https://www.nytimes.com/2021/06/18/arts/london-art-
walk-outdoor-sculpture.html. Accessed 11 November 2024

Gioia DA, Corley KG, Hamilton AL (2013) Seeking qualitative rigor
in inductive research. Organ Res Meth 16(1):15-31

Goebeler L, Hukal P, Xiao X (2024) Four roles of physicality in
digital innovation: a theoretical review. J Strateg Inf Syst 33(4)

Gregor S, Kruse LC, Seidel S (2020) Research perspectives: the
anatomy of a design principle. J Assoc Inf Syst 21(6):1622—-1652

Haj-Bolouri A (2023) The experience of immersive virtual reality: a
phenomenology inspired inquiry. Commun Assoc Inf Syst
52:782-814

Harley D, Verni A, Willis M, Ng A, Bozzo L, Mazalek A (2018)
Sensory VR: Smelling, touching, and eating virtual reality. In:
TEI ‘18, Stockholm. https://doi.org/10.1145/3173225.3173241

Hook K, Benford S, Tennent P, Tsaknaki V, Alfaras M, Avila JM, Li
C, Marshall J, Roquet CD, Sanches P, Stahl A, Umair M,
Windlin C, Zhou F (2021) Unpacking non-dualistic design: the
soma design case. ACM Trans Comput-Hum Interact 28(6):1-36

Hook K (2018) Designing with the body: Somaesthetic interaction
design. MIT Press, Cambridge

Horwitz J, Rodriguez S, Bobrowsky M (2022) Company documents
show Meta’s flagship metaverse falling short. Wall Street J.
https://www.wsj.com/articles/meta-metaverse-horizon-worlds-
zuckerberg-facebook-internal-documents-11665778961

Hsiao S-H, Wang Y-Y, Lin TL (2024) The impact of low-immersion
virtual reality on product sales: insights from the real estate
industry. Decis Support Syst 178:114-131

Kaptelinin V, Nardi B (2007) Acting with technology: Activity theory
and interaction design. First Monday 12(4)

Khalil S, Kallmuenzer A, Kraus S (2024) Visiting museums via
augmented reality: an experience fast-tracking the digital


https://doi.org/10.1007/s12599-025-00956-0
https://doi.org/10.1007/s12599-025-00956-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1145/3653698
https://doi.org/10.1145/3653698
https://www.washingtonpost.com/wellness/2024/07/23/virtual-reality-real-world-injuries/
https://www.washingtonpost.com/wellness/2024/07/23/virtual-reality-real-world-injuries/
https://www.statista.com/statistics/1098566/obstacles-to-mass-adoption-of-vr-technologies/
https://www.statista.com/statistics/1098566/obstacles-to-mass-adoption-of-vr-technologies/
https://nttdata-solutions.com/us/blog/metahumans-digital-humans-out-of-the-box/
https://nttdata-solutions.com/us/blog/metahumans-digital-humans-out-of-the-box/
https://doi.org/10.1016/j.jbusres.2020.09.036
https://doi.org/10.1016/j.jbusres.2020.09.036
https://www.nytimes.com/2021/06/18/arts/london-art-walk-outdoor-sculpture.html
https://www.nytimes.com/2021/06/18/arts/london-art-walk-outdoor-sculpture.html
https://doi.org/10.1145/3173225.3173241
https://www.wsj.com/articles/meta-metaverse-horizon-worlds-zuckerberg-facebook-internal-documents-11665778961
https://www.wsj.com/articles/meta-metaverse-horizon-worlds-zuckerberg-facebook-internal-documents-11665778961

:, Bus Inf Syst Eng

transformation of the tourism industry. Eur J Innov Manag
27(6):2084-2100

Kim D, Ko YJ (2019) The impact of virtual reality (VR) technology
on sport spectators’ flow experience and satisfaction. Comput
Hum Behav 93:346-356

Lim WM (2025) What is qualitative research? An overview and
guidelines. Australas Mark J 33(2):199-229

Liu D, Santhanam R, Webster J (2017) Toward meaningful engage-
ment: a framework for design and research of gamified
information systems. MIS Q 41(4):1011-1034

Liu Y, Jiang Z, Chan HC (2019) Touching products virtually:
facilitating consumer mental imagery with gesture control and
visual presentation. J] Manag Inf Syst 36(3):823-854

Lorenz J, Chandra Kruse L, Recker J (2024) Creating and capturing
value with physical-digital experiential consumer offerings.
J Manag Inf Syst 41(3):779-811

Maedche A, Gregor S, Parsons J (2021) Mapping design contributions
in information systems research: the design research activity
framework. Commun Assoc Inf Syst 49(1):355-378

Marto A, Gongalves A, Melo M, Bessa M (2022) A survey of
multisensory VR and AR applications for cultural heritage.
Comput Graph 102:426-440

Melo M, Gongalves G, Monteiro P, Coelho H, Vasconcelos-Raposo J,
Bessa M (2022) Do multisensory stimuli benefit the virtual
reality experience? A systematic review. IEEE Trans vis Comput
Graph 28(2):1428-1442

Merleau-Ponty M (1962) Phenomenology of perception. Routledge

Molla A, Chandra Kruse L, Karanasios S, Cheong C, Hoang G (2024)
Designing information systems for infectious disease manage-
ment VUCA situation: insights from a design archaeology
analysis of COVIDSafe. J Assoc Inf Syst 25(5):1372-1409

Nardi B (1996) Studying context: a comparison of activity theory,
situated action models, and distributed cognition. In: Nardi B
(ed) Context and consciousness: activity theory and human-—
computer interaction. MIT Press, Cambridge, pp 69-102

Nunamaker JF, Briggs RO, Derrick DC, Schwabe G (2015) The last
research mile: achieving both rigor and relevance in information
systems research. J Manag Inf Syst 32(3):10-47

Oh C, Herrera F, Bailenson J (2019) The effects of immersion and
real-world distractions on virtual social interactions. Cyberpsy-
chol Behav Soc Netw 22(6):365-372

Pamuru V, Khern-am-nuai W, Kannan K (2021) The impact of an
augmented-reality game on local businesses: a study of Pokémon
Go on restaurants. Inf Syst Res 32(3):950-966

Peffers K, Tuunanen T, Rothenberger MA, Chatterjee S (2007) A
design science research methodology for information systems
research. J Manag Inf Syst 24(3):45-77

Peukert C, Pfeiffer J, Meiiner M, Pfeiffer T, Weinhardt C (2019)
Shopping in virtual reality stores: the influence of immersion on
system adoption. J] Manag Inf Syst 36(3):755-788

Pine JB, Korn KC (2011) Infinite possibility: creating customer value
on the digital frontier. Berrett-Koehler, Oakland

Pine JB, Gilmore JH (1998) Welcome to the experience economy.
Harv Bus Rev 76:97-105

Porter J (2024) VR arcade The Void teases a 2024 comeback. https://
www.theverge.com/2024/2/7/24064761/vr-arcade-the-void-
teases-a-2024-comeback. Accessed 5 December 2024

Pott J (2024) Consumer spending: the experience economy booms.
https://www.euroshop-tradefair.com/en/euroshopmag/consumer-
spending-the-experience-economy-booms. Accessed 27
November 2024

Ranasinghe N, Jain P, Karwita S, Tolley D, Do EYL (2017)
Ambiotherm: enhancing sense of presence in virtual reality by
simulating real-world environmental conditions. In: Proceedings
of the 2017 CHI conference on human factors in computing
systems. ACM, New York, pp 1731-1742

Recker J (2021) Improving the state-tracking ability of corona
dashboards. Eur J Inf Syst 30(5):476—495

Recker J, Lukyanenko R, Jabbari M, Samuel BM, Castellanos A
(2021) From representation to mediation: a new agenda for
conceptual modeling research in a digital world. MIS Q
45(1):269-300

Recker J, Bockelmann T, Barthel F (2024) Growing online-to-offline
platform businesses: How Vytal became the world-leading
provider of smart reusable food packaging. Inf Syst J
34(1):179-200

Saker M, Frith J (2020) Coextensive space: virtual reality and the
developing relationship between the body, the digital and
physical space. Media Cult Soc 42(7-8):1427-1442

Shusterman R (2012) Thinking through the body: essays in somaes-
thetics. Cambridge University Press, Cambridge

Slater M, Wilbur S (1997) A framework for immersive virtual
environments (FIVE): speculations on the role of presence in
virtual environments. Presence Teleoper Virtual Environ
6:603-616

Steffen JH, Gaskin JE, Meservy TO, Jenkins JL, Wolman I (2019)
Framework of affordances for virtual reality and augmented
reality. J Manag Inf Syst 36(3):683-729

Steinicke F, Bruder G, Hinrichs K, Jerald J, Frenz H, Lappe M (2009)
Real walking through virtual environments by redirection
techniques. J Virtual Real Broadcast 6(2)

Suh K-S, Lee YE (2005) The effects of virtual reality on consumer
learning: an empirical investigation. MIS Q 29(4):73-697

Sun Q, Patney A, Wei L-Y, Shapira O, Lu J, Asente P, Zhu S,
McGuire M, Luebke D, Kaufman A (2018) Towards virtual
reality infinite walking: dynamic saccadic redirection. ACM
Trans Graph 37(4):1-13

Teng C-I, Dennis AR, Dennis AS (2023) Avatar-mediated commu-
nication and social identification. J Manag Inf Syst
40(4):1171-1201

Urquhart C (2012) Grounded theory for qualitative research: a
practical guide. Sage, Philadelphia

Urquhart C, Lehmann H, Myers MD (2010) Putting the ‘theory’ back
into grounded theory: guidelines for grounded theory studies in
information systems. Inf Syst J 20(4):357-381

Valluripally S, Frailey B, Kruse B, Palipatana B, Oruche R, Gulhane
A, Hoque KA, Calyam P (2023) Detection of security and
privacy attacks disrupting user immersive experience in virtual
reality learning environments. IEEE Trans Serv Comput
16(4):2559-2574

Von Briel F, Davidsson P, Recker J (2018) Digital technologies as
external enablers of new venture creation in the IT hardware
sector. Entrep Theor Pract 42(1):47-69

Wang G, Henfridsson O, Nandhakumar J, Yoo Y (2022) Product
meaning in digital product innovation. MIS Q 46(2):947-976

Westmattelmann D, Grotenhermen J-G, Sprenger M, Schewe G
(2021) The show must go on—virtualisation of sport events
during the COVID-19 pandemic. Eur J Inf Syst 30(2):119-136

Yang LI, Huang J, Feng T, Hong-An W, Guo-Zhong DA (2019)
Gesture interaction in virtual reality. Virtual Real Intell Hardw
1(1):84-112

Yoo Y (2010) Computing in everyday life: a call for research on
experiential computing. MIS Q 34(2):213-231

Yung R, Khoo-Lattimore C (2019) New realities: a systematic
literature review on virtual reality and augmented reality in
tourism research. Curr Issues Tourism 22(17):2056-2081

Zahedi F, Walia N, Jain H (2016) Augmented virtual doctor office:
theory-based design and assessment. J Manag Inf Syst
33(3):776-808

@ Springer


https://www.theverge.com/2024/2/7/24064761/vr-arcade-the-void-teases-a-2024-comeback
https://www.theverge.com/2024/2/7/24064761/vr-arcade-the-void-teases-a-2024-comeback
https://www.theverge.com/2024/2/7/24064761/vr-arcade-the-void-teases-a-2024-comeback
https://www.euroshop-tradefair.com/en/euroshopmag/consumer-spending-the-experience-economy-booms
https://www.euroshop-tradefair.com/en/euroshopmag/consumer-spending-the-experience-economy-booms

	How Physical--Digital Experiences are Designed
	Abstract
	Introduction
	Background
	Experiential Consumer Offerings
	Immersive Systems Technology and its Application to Experience Design
	A Designing Perspective on the Creation of Physical--Digital Experiences

	Method
	Design Archaeology: Extracting Design Knowledge from In Situ IS Artefacts
	Data Collection
	Data Analysis

	Case Analysis and Findings
	How Providers Designed Semantically Matched Activities in the Virtual and Physical Realm
	How the Physical--Digital Experience Leveraged the Designed Pairs of Activities
	A Theoretical Model of the Dual Constitution of Physical--Digital Experience

	Discussion
	Theoretical Contributions
	Opportunities for Future Research
	Implications For Designing Coherent Physical--Digital Experiences
	Limitations

	Conclusion
	Open Access
	References


