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Abstract: Virtual field trips (VFTs) are learning activi-
ties offering unique learning affordances, such as foster-
ing object-based learning through interaction with digi-
tal artifacts, as well as supporting experiential and sit-
uated learning by placing students in contexts that sim-
ulate real-world experiences. 2D virtual field trips have
been around for several decades, with their formats
continuously evolving in response to new technological
advancements. Initially dominated by images, graphics,
and videos, VFTs evolved significantly with the introduc-
tion of 360° media, game engines and the metaverse,
which enabled more immersive, interactive, and collab-
orative experiences. In this article, we outline evidence-
based development paths and potential visions for the
future of VFTs over the next 10 years. A retrospective of
VFTs reveals their evolution from simple image and video-
based experiences to increasingly immersive and interac-
tive formats. The specific features of state-of-the-art VFTs
can be identified using the concept of affordances which
refer to the action possibilities provided by underlying
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technologies, such as 360° media, Computer Generated
Imagery (CGI)-based VR worlds, and photogrammetry. The
specification of action provided by current immersive tech-
nologies serves as a starting point into understanding future
developments of VFTs. As part of this process, 14 hypotheses
on the future development of VFTs were formulated, sub-
sequently evaluated by experts in a Delphi study and then
edited based on this expert feedback, providing empirical
insights into expected trends and future directions for VFTs.
The identified capabilities and educational potential will
form the basis for expert discussions on upcoming trends
in VFTs.

Keywords: virtual field trips; 360° media; educational tech-
nologies; affordances; immersive learning; Delphi study

1 Introduction

VFTs have their roots in traditional field trips (FTs), which
have long been valued for their ability to provide experien-
tial learning opportunities. Knutson' defines FTs as “shared
social experience that provides the opportunity for stu-
dents to encounter and explore novel things in an authentic
setting”. FTs enable experience-based learning and have
been shown to be significantly more conducive to learn-
ing than a comparable classroom lesson,? for example by
increasing motivation and interest in the location visited.?
The advantages of FTs are particularly evident when they
are not simply a substitute for a lecture, but are designed
according to their strengths and integrated into a didac-
tic setting as opportunities for exploration, discovery and
learning experiences.* Despite their high didactic merit,
FTs also have some disadvantages that may well prevent
their use. These include the time and effort required to
conduct a FT. Inaccessibility of the locations in question
may also prevent FTs. As an alternative to FTs, virtual field
trips (VFTs) (or virtual tours) have been discussed for sev-
eral decades. A common definition of a VFT is “a journey
taken without actually making a trip to the site”.> Woerner
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further explains that such trips are made using alternative
means, including media such as slides, videos or websites,
panoramic photos, hypertext or even 3D models. In addition,
we hold the exploratory nature of VFTs a defining feature.
From our review of various VR learning environments, VFTs
consistently prioritize self-directed exploration, as opposed
to other environments that focus, for example, on the train-
ing of procedural knowledge and motor skills.

Overall, VFTs aim to convey the experience of being
in a real place without physically being there. This can
be achieved through various methods, including physical
replicas of key features of the location or, more commonly,
through photos and videos that depict places and objects
in detail. As digital technology advances, physical items
may be replaced by digital artifacts such as photographs,’
360° (panoramic) photographs, hypertext’-® or CGI mod-
els.’ Currently, 360° technology is one of the most utilized
tools in various educational contexts, valued for its ease of
access and flexible implementation.’’~"> Among the disci-
plines in which VFTs are used are civil and environmental
engineering,'®'7 history,'® natural history,"” paleontology®
and social work.?! Furthermore, 360° media continue to ad-
vance with new learning-enhancing features, such as multi-
user functionality.?*~2*

In line with this, our study seeks to address the follow-
ing research questions: 1) How is the development of VFTs
linked to technological advancements? 2) What affordances
do VFTs provide from the perspectives of technology, expe-
rience, and learning? 3) How are VFTs expected to evolve in
the future?

Conceptually, we use Gibson’s® notion of affordances
to link technological features of VFTs to the experiences
they enable and the learning activities they support. Within
the experiential dimension, we further specify spatial expe-
rience through Zhao & Klippel’s®® concepts of place and
scale, which captures how learners perceive meaningful
locations and perspective shifts in VFTs. Methodologically,
the study combines an affordance-based theoretical lens
with validation through a Delphi survey. The theoretical
part defines key features and affordances of state-of-the-art
VFTs considering their technological foundations, experien-
tial qualities, and educational potential. From this analysis,
14 well-founded hypotheses were derived to anticipate how
VFTs may evolve in terms of technology, learning experi-
ence, and organizational design. In the empirical part, these
hypotheses were evaluated by 24 experts using a simplified
Delphi method,” yielding empirically grounded insights
into emerging trends and likely directions of VFTs over the
next 10 years.
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2 State of the art - VFT
technologies, experiences,
and learning

The concept of affordances, originally introduced by Gib-
son,” offers a useful way to describe how technological
innovations translate into particular forms of experience
and, potentially, learning. Affordances refer to the “action
possibilities” that an environment provides to an individ-
ual. Such possibilities depend not only on the properties of
the environment but also on the user’s abilities and prior
knowledge as well as on situational conditions. In the con-
text of virtual field trips, this highlights that design and
media decisions shape what learners can perceive and do:
for instance, whether a VFT relies on 360° video, photogram-
metry, or CGI influences interactivity (i.e., what actions are
possible), and the kinds of exploration that are feasible.

Building on this understanding, the following analysis uses

an affordance-based lens to develop propositions about

future developments in VFTs.

-  Technological affordances describe system-level action
possibilities enabled by production, post-production,
and reception technologies — including the interaction
techniques and devices through which users can act in
the virtual environment.

— Experiential affordances describe how these techno-
logical conditions shape user perception and spatial
experience. Immersion is treated here as an experien-
tial effect (i.e., the felt sense of “being there”) that can
emerge from interaction and sensory presentation. To
further specify spatial experience, we draw on Zhao &
Klippel’s® concepts of place and scale as two concrete
facets of spatial experience and perspective-taking.

— Learning affordances describe learning-promoting
activities and outcomes that can be supported when
technological and experiential affordances are aligned
with instructional aims.

The three perspectives are analytically distinct but con-
nected. The same design feature can be described at dif-
ferent levels: for example, “hotspots” are a technological
affordance (selection/navigation), they shape experiential
affordances (agency and guided attention in a place), and
they support learning affordances when embedded into
tasks (e.g., inquiry prompts, comparisons). In other words,
technological affordances enable forms of (inter-)action,
experiential affordances describe how these interactions
and presentations are experienced (including immersion,
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place, and scale), and learning affordances describe how
these conditions can be used pedagogically.

Technological Affordances. A VFT created using CGI
allows for dynamic, fully interactive environments, where
learners can explore and manipulate objects, while 360°
media offer more limited interactivity, typically confined
to navigating the depicted environment and clicking on
hotspots that activate embedded images, text, videos, or
audio. These production technologies differ not only in
representational format (photo-based vs. model-based), but
also in the degree to which learners can move beyond
observation toward interaction: 360° media mainly sup-
port viewpoint changes and information access, whereas
photogrammetry adds navigable 3D inspection of captured
objects and spaces, and CGI enables rule-based interaction
(e.g., manipulation, simulation, multi-user actions). Post-
production software also plays a crucial role in shaping
the affordances of VFTs, as it determines how effectively
the content can be presented and brought to life (e.g.,
hotspots, branching, embedded media) and how interac-
tion is orchestrated. Here, authoring tools typically pro-
vide predefined interaction (e.g., linking scenes, hotspot
logic), whereas game engines allow more complex interac-
tion mechanics (e.g., physics, conditional events, adaptive
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feedback) at the cost of higher development expertise. Like-
wise, reception technology constrains what kinds of actions
are possible: a VFT can be viewed on a computer screen,
through a head-mounted display (HMD) or in a VR cave
— each of which affords different interaction techniques
and degrees of embodied control. Drawing on research
on multimedia/VR and interactivity,’®?° VFT interactivity
can be differentiated into structural (navigation, hotspots,
branching — common in 360° VFTs), cognitive (interaction
features that scaffold sensemaking, e.g., cues/questions and
comparisons), and productive (creating/modifying artifacts
or manipulating objects — more typical in CGI). A further
technological dimension is the means of interaction (e.g.,
mouse/keyboard/touch, controllers, hand tracking/gloves,
full-body/camera-based interaction), which shapes what
kinds of structural, cognitive, and productive interactivity
can be implemented and at what level of embodied control.
Table 1 summarizes the key affordances across production,
post-production, reception and means of interaction tech-
nologies, highlighting how they shape the forms and (inter)
action possibilities in VFTs.

Experiential Affordances. VFTs provide immersive
experiences, enabling learners to explore and interact with
environments either captured from the physical world or

Table 1: Key affordances of production and interaction technologies in virtual field trips.

System level Type Affordances
Production 360° media Captures real-world environments; viewpoint navigation; hotspot-based
access to embedded media; limited object manipulation
Photogrammetry Creates navigable 3D replicas; spatial inspection of detailed replicas;
limited-to-moderate object interaction depending on implementation
CGI Fully interactive environments; rule-based object manipulation; simulation;
multi-user interaction (depending on system design)
Post- Authoring tools Template-based interaction logic (e.g., navigation, hotspots, branching,
Production embedded media) with standardized workflows
Game engines Highly dynamic interaction mechanics (e.g., physics, conditional events,
adaptive logic); supports complex simulations and multi-user functions
Reception WebVR Screen-based viewing; efficient navigation and information access;
interaction typically via standard desktop/mobile inputs
Head-mounted displays Head-tracked viewing; embodied viewpoint control; supports more natural
interaction techniques depending on hardware/software
VR caves Shared, co-located 3D viewing; tracked interaction in space; supports group
exploration and coordinated interaction
Means of Mouse/keyboard/touch Pointing & selection; menu-based navigation; hotspot activation; limited
interaction object manipulation

Controllers (6 Degrees of freedom, 6DoF)
Hand tracking/gloves

Full-body

6DoF pointing and selection; grabbing/manipulation in 3D space; support for
tool-like actions (e.g., rotate/scale)

Direct hand-based grabbing and gestures; more natural object manipulation;
fine-grained interaction with virtual tools and interfaces

Whole-body movement and spatial interaction; embodied navigation;
posture/locomotion-based interaction and co-located collaboration
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fully created through digital technologies. These experi-
ences vary in immersion, interactivity, and agency, shap-
ing how learners perceive and navigate virtual environ-
ments. To specify experiential affordances more precisely,
we use the concepts of place and scale?® as organizing sub-
dimensions of spatial experience in VFTs. Importantly, place
and scale are not mutually exclusive; both can co-occur in
the same VFT, with emphasis shifting depending on learning
goals. “Place” is broadly defined as a location imbued with
meaning, which immersive technologies allow learners to
experience in meaningful ways. Emerging technologies like
360° media enable the exploration of various locations with-
out physically visiting them. Moreover, virtual places can
extend beyond reality, incorporating interactive elements
like clickable objects, enhancing the educational experience
by enabling learners to engage with the content in otherwise
inaccessible, exploratory ways. According to Zhao & Klip-
pel® “scale” refers to the perceived size of a place in relation
to the human body, providing a sense of how large or small a
place appears from the viewer’s perspective. Via and within
immersive VFTs places can be easily presented at varying
scales. The concepts of “place” and “scale” can be vividly
illustrated in the VFT to the Paleontological Collection in
Munich: A close-up view of the ancient elephant skeleton
represents “place” as a meaningful location. Through 360°
media, learners can examine the skeleton’s details up close,
offering an experience that would not be possible in per-
son, as the fossil is typically viewed from behind barriers
(Image 1). Similarly, a bird’s-eye perspective, such as view-
ing the museum foyer and the ancient elephant skeleton
from a vantage point near the pterosaur, illustrates the con-
cept of “scale” (Image 2).

From this vantage point, the viewer experiences the
vastness of the space, gaining a sense of how the skeleton
fits within the larger environment. This highlights how VFTs
allow for dynamic shifts in perspective, helping learners
understand the relationship between their own scale and
different objects of the surrounding space. Moreover, VFTs

Image 1: “Place” - ancient elephant skeleton in detail.
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Image 2: “Scale” - foyer and skeleton from above.

may provide access to inaccessible locations, such as water-
works® or perspectives, e.g., by drone flights.?! In a recent
study, students learning about wastewater treatment via
a VFT improved their test scores by 20 %.*> The authors
highlight that exploring different stages of the treatment
process in a virtual environment made complex concepts
more accessible, while also eliminating the logistical chal-
lenges of organizing traditional FTs.

Learning Affordances. From a learning perspective,
learning affordances emerge when technological affor-
dances (i.e., the available inter-action possibilities) and
experiential affordances (i.e., immersion, agency, and spa-
tial experience) are aligned with instructional aims. While
more interactive and immersive technologies may offer
deeper engagement, they do not necessarily lead to better
retention.® In fact, overly stimulating environments can
result in focus impairment and cognitive overload, poten-
tially hindering learning.3* Therefore, when planning and
designing VFTs, it is crucial to align learning objectives with
the technological and experiential conditions a VFT affords,
ensuring that both content creation and content recep-
tion are carefully considered. For teachers, this alignment
also involves a pragmatic choice of production approach:
360°-based VFTs typically offer a low barrier to entry and
can be authored without coding, whereas CGI-based VFTs
enable richer interaction but usually require specialized
expertise and higher development effort. From the lit-
erature, VFTs are attributed various learning-promoting
affordances, including: 1) Self-directed learning. The option
of learning independently of time and (almost) location
enables learners to arrange their own learning process.
Minor restrictions on location independence can result
from the hardware used, for example through stationary
HMDs. 2) Active Learning. VFTs can support active learning
when learners actively investigate content through explo-
ration, comparison, and hypothesis testing. This draws on
cognitive interactivity and is enabled by structural inter-
activity (navigation/choices); productive actions such as
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annotation or object manipulation can further deepen
engagement when integrated into tasks. As a result, VFTs
can enable exploration and experimentation that would not
be possible in real field trips due to real-world constraints.
3) Explorative Learning. VFTs allow learners to explore envi-
ronments from different perspectives and understand spa-
tial relationships in a more meaningful way. This dynamic
interaction helps them to bridge abstract concepts and real-
world applications, enhancing engagement and retention.’!
4) Situated Learning. VFTs allow for situated learning in
alignment with situated experiential education,” where
learning occurs most effectively when learners can engage
with content in a relevant context.®

Taken together, this affordance-based perspective
directly addresses the three research questions mentioned
above concerning the development of VFTS in relation to
technological progress, the learning experience and the
general future of VFTs. Although social and intercultural,
affective, and ethical issues also play a central role in VFTs,
they are less well-suited to being framed as generalizable
dimensions, as they are strongly shaped by the specific
content and contextual embedding of a given VFT. It is
therefore recommended that they be examined separately
in future work.

3 Future VFTs-technological,
didactic, and organizational
prospects

The evolution of VFTs underscores the close interplay
between technological innovation, the immersive experi-
ences it enables, and their resulting educational value. As
outlined in Chapter 2, affordances depend not only on sys-
tem properties but also on users’ prior knowledge and sit-
uational conditions. While these user- and context-specific
factors are beyond the scope of this paper, we address the

Future prospects
of VFTs in terms of

Technology

Retrospective Evolution
of VFTs

Identification of
specific features with
concept of affordances
by Gibson (1979)

Didactic
(Experiential & Learning)
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contextual side by considering the organizational condi-
tions that shape how VFTs are produced, distributed, and
sustainably used in educational practice. As a foundation
for our Delphi study, we therefore structured prospective
developments along the dimensions of technology, experi-
ence, and education, complemented by an organizational
perspective. While Chapter 2 distinguishes experiential and
learning affordances analytically, we discuss them jointly
under didactical prospects here, because didactic use links
how VFTs are experienced (e.g., immersion, place/scale) to
the learning activities they can support. Building on Chapter
2, we first identified core technological, experiential, and
learning affordances of current VFTs (i.e., action possibili-
ties enabled by production/post-production/reception tech-
nologies and their experiential and pedagogical implica-
tions). We then related these affordance patterns to current
technological and institutional trajectories (e.g., Al-driven
interaction, mixed reality hardware, digital twins, learning
analytics, social VR, and platformization) and translated
the resulting directions into concrete, testable statements
about likely developments by 2035 (H1-H14). Figure 1 pro-
vides a schematic overview of this process, from affor-
dance patterns to trajectories and hypotheses (H1-H14).
Each hypothesis is assigned to the type of prospect it mainly
concerns, while acknowledging overlap across prospective
VFT affordances.

Technical Prospects (TP). Our anticipated technical
prospects build directly upon the technological affordances
previously discussed and incorporate emerging innovations
that are already shaping the use of VFTs. Future VFTs will
increasingly integrate diverse technologies, creating richer,
more interactive, and adaptable experiences. A key devel-
opment is the fusion of 360° imagery with CGI, enabling
dynamic virtual landscapes that combine realism with sim-
ulation. Game engine-based VFTs using tools like Leap
Motion already demonstrate this potential® where the
presentation of the tracked hands is achieved through

13 hypotheses
sent to 25 experts based

14 hypotheses

24 valid responses

State-of-the-art
VFTs

Organisation

Figure 1: Hypothesis derivation process.

sent to 79 experts

on relevant publications ;
i (2nd part Delphi survey)

(1st part Delphi survey)

|

Qualitative Feedback
on the hypotheses
from 9 Experts

via online survey

Revision of hypotheses
and expension

—>
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Unity-based CGIL, merging precise motion tracking with real-
istic textures for an immersive experience [see H1 — Design
and Production]. Al-powered avatars represent humans
authentically with videos or 3D models and are powered
by large language models and other machine learning algo-
rithms.*” They will facilitate the embedding of human-like
interaction partners in VFTs and may be used to deliver per-
sonalized guidance and contextualized learning [H4 — Inter-
active Avatars]. Sensors in digital twins provide precise
data-driven analysis, while 360° VFTs enable visual explo-
ration of structures. Combining both links real-time physical
data with immersive visual context, enabling virtual sce-
narios to be represented more realistically and responsively
[H5 — Physical Data]. 360° cameras facilitate live-streamed
VFTs, bridging virtual and physical field trips [H6 — Immer-
sive Live Streaming]. Lastly, mobile XR headsets will likely
replace traditional screens as the dominant access point for
VFTs. These devices offer flexible, immersive engagement
and are expected to become the norm by 2035 [H3- Recep-
tion)].

Didactical prospects (DP). The didactical potential
of VFTs lies in their capacity to engage learners through
authentic, interactive, and situated experiences. They foster
self-directed, active, and explorative learning by enabling
perspective shifts, object interaction, and access to oth-
erwise inaccessible spaces. Looking ahead, future devel-
opments are expected to further enhance these qualities
— particularly through adaptive, high-resolution visuals
that respond to learners’ needs. In this context, the concepts
of “place” and “scale”?® will become increasingly relevant,
as dynamic representations deepen spatial understanding
and strengthen connections between abstract concepts and
real-world phenomena [H10 — Adaptive Visual Representa-
tions]. Advances in learning analytics further support per-
sonalized learning experiences. By tracking user behaviour,
systems can identify areas of difficulty and deliver adap-
tive content, helping to maintain engagement and improve
retention [H9 — Learning Analytics]. For VFTs to have a
lasting impact, however, their didactical integration must go
beyond individual experiences. By 2035, social VR platforms
will enhance multi-user interactions in shared environ-
ments® and thus enable collaborative learning [H12 — Col-
laborative Learning]. At the same time, inclusive design
principles will be essential to ensure that VFTs accommo-
date the diverse physical, cognitive, and social needs of all
learners — enabling truly accessible and equitable immer-
sive education [H14 — Accessibility].

Organizational Prospects (OP). To ensure VFTs reach
their full didactical impact, they must be embedded within
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supportive organizational structures. User-friendly author-
ing tools will lower barriers to VFT creation. By 2035, teach-
ers and students alike can craft custom virtual environ-
ments, fostering creativity and deeper engagement with
the subject matter [H2 — Content Preparation]. The advent
of Al-based development tools could further streamline
this process, reducing the need for technical expertise
and enabling broader participation in content creation [H8
— Development Tools]. In analogy to established platforms,
such as MOOC platforms, centralized repositories will pro-
vide structured, searchable access to modular VFTs, which
will facilitate curriculum integration and promote consis-
tent use across institutions and disciplines [H7 — Delivery].
Intelligent recommender systems will suggest VFTs based
on user interests, learning history, and curricular goals,
thereby fostering autonomous exploration and sustained
motivation [H11 — Recommender-Based Experiences]. For
lasting impact, VFTs must be embedded in teacher edu-
cation and professional development. Educators will need
competencies not only in applying VETs, but also in adapting
them to diverse pedagogical contexts. By 2035, such training
isexpected to be a standard part of teacher qualification [see
H13 - Integration into Teacher Education].

4 Delphi survey

The developed hypotheses were subjected to a two-round
Delphi survey. Experts were selected based on relevant
publications in the fields of VFTs, educational 360° media,
and educational VR, and were contacted via email. In the
first round, nine experts — Table A-1 shows their demog-
raphy — provided qualitative feedback on the initial set
of hypotheses, which had been developed during a work-
shop held by the authors after the above-mentioned theo-
retical foundation had been formulated. The experts were
asked to assess each hypothesis individually and were given
the opportunity to leave open comments to elaborate on
their judgments or suggest improvements. The comments
made by the experts in the first round proved to be highly
constructive. Based on their input, the wording of several
hypotheses was revised, one was removed, and two new
ones were added. Despite only reporting the results of the
second round here, we would like to provide a snapshot of
the topics and nature of the comments in the first round:
An example of the debate surrounding the precise choice
of words can be seen in comment E1-5 on H1: “I find the
word ‘increasingly’ difficult. I also find ‘hybrid production
processes’ difficult. Both terms are open to individual inter-
pretation, meaning that participants’ answers may be given
from different perspectives. ‘Increasingly’ can mean ‘more
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than today’, for example, but also ‘increasing per year’.
When I heard ‘hybrid production processes’, I immediately
thought of industrial car manufacturing;-)”. The comment
by E1-3 on H1 shows that virtual field trips can be seen
in a very heterogeneous field of application: “I could def-
initely imagine this in the context of vocational training,
but I see the challenge of costly infrastructure when it
comes to expanding VFTs to informal learning in the pri-
vate sphere.” The difficulty of assessing future trends and
identifying a vision for the future is also reflected in many
of the comments. In a comment on H2, E1-9 criticises the
slow pace of adaptation of the technical innovations that
are already available: “I do expect this development, but not
within this timeframe. Technological advances have not yet
been adopted by manufacturers to the extent that would
be necessary.” E1-7 takes a similar view with regard to H3:
“I don’t believe that screens will have been replaced as
the primary technology (overall) in 10 years’ time, but I
do think it’s entirely possible that mobile XR devices will
be so widely available by then that they can be used as
the primary reception technology for VFTs.” Comparisons
of technical developments, as E1-2 does with regard to H4,
are rather rare: “I think that Al-powered avatars will play
a role, but 'm not sure that they will play a central role
over other forms of personal interaction. It would also be
useful to define personal interaction.” Finally, E1-5 offers
a kind of normative grounding for the visions provided in
the hypothesis in relation to H4: “Largely replaced’ means
that more than 50 % of screen formats will be in XR. I have
been researching XR for over 20 years and since I began
my research, it has always been said that ‘in 10-20 years,
XR will replace 2D formats’. That has not happened and,
in my opinion, will not happen easily — the effort required
for a 2D application is SIGNIFICANTLY less than for an XR
application, so there will always be 2D applications — more
than 50 %.”

Building on the qualitative feedback from the first
round, the revised set of 14 hypotheses was evaluated in a
quantitative second round via the online survey tool SoSci.
The survey was distributed via email to 79 experts, and a
total of 24 valid responses were received. Each hypothesis
was rated on a 5-point Likert scale (1 = completely agree
to 5 = completely disagree). The aim of this round was
to identify consensual trends regarding the future devel-
opment of VFTs. Table 2 presents the hypotheses along
with their corresponding levels of agreement, ordered by
mean value (N = 24). We collected data on the demo-
graphics of the experts invited to the second round based
on their discipline, position, and country by analysing
their professional web presences (see Appendix A). The
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disciplines of educational science (35 %), educational tech-
nology, XR (extended reality) (23 %), and computer sci-
ence (11 %) achieved double-digit relative frequencies. The
positions of professor (56 %), doctoral student (15 %), and
researcher (14 %) were the most frequently represented.
Among the countries in which the invitees worked, Ger-
many (41 %), the United Kingdom (13 %) and the United
States (11 %) achieved double-digit relative frequencies. As
the responses were anonymised, the demographics of the
participating experts could not be determined and must be
inferred from those of the invited experts.

The results indicate a clear tendency towards techno-
logical and didactical innovation in VFTS, especially regard-
ing media integration and adaptive learning. Organiza-
tional developments concerning workflows were assessed
positively, whereas deeper structural changes were met
with noticeable scepticism. Estimations for all hypotheses
besides H3, H13 and H14 differed significantly from the scale
mean.

Technical Prospects. The strongest agreement was
recorded for H1 — Design and Production (M = 1.4), under-
lining that VFTs will increasingly integrate various media
technologies — such as 360° imagery, CGI, laser scans, and Al-
generated content. This reflects current trends in immersive
media convergence. Similarly, H4 - Interactive Avatars (M
= 2.0) and HS5 - Physical Data (M = 2.2) received positive
ratings, pointing to anticipated improvements in realism
and personalization, driven by big data and Al technologies.
In contrast, H3 — Reception stating mobile XR as the main
access point (M = 2.7) received the least agreement among
the technical hypotheses, reflecting ongoing concerns about
the breakthrough and broader adoption of mobile XR.

Didactical Prospects. High consensus was also evi-
dent for H9 — Learning Analytics (M = 1.8), emphasizing
therelevance of adaptive, data-driven learning experiences.
H10 - Adaptive Visual Representations (M = 1.9) further
confirms expert confidence in the didactic value of spatial
understanding and fluid perspective shifts in virtual envi-
ronments. While H12 - Collaborative Learning (M = 2.3)
was moderately supported, H14 — Accessibility (M = 2.8)
showed the lowest agreement overall, indicating that the
vision of fully inclusive immersive learning environments
is still seen as difficult to realise.

Organizational Prospects. Strong support for H8
— Development Tools (M = 1.9) reflects optimism that Al-
based, user-friendly tools will enable broader participation
in VFT creation, even by non-experts. Similarly, H2 — Con-
tent Preparation (M = 2.1) points to a growing expecta-
tion that modular integration of pre-produced elements will
become the norm, easing development efforts. By contrast,
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Table 2: Hypotheses and their consent on 5-point Likert scales (1: i completely agree - 5: i completely disagree) ordered by mean value (N=24).

HypothesesTechnical Prospects (TP), Didactical Prospects (DP), Organisational Prospects (OP) M (SD)  Sig. Median
H1 - Design and Production (TP) 1.4 (0.56) M 1
By 2035, Virtual Field Trips (VFTs) will be implemented through the combination of various technologies - such L

as 360° media, photogrammetry, CGI (Computer Generated Imagery), laser scans, and Al-generated content - to

make real-world locations accessible in a cross-media and highly detailed way.

H9 - Learning Analytics (DP) 1.8(0.96) M*** 2
By 2035, learning analytics systems will be specifically used in VFTs to individually evaluate learning progress F*

and provide personalized content based on that analysis. L

H8 - Development Tools (OP) 1.9(0.70)  M*** 2
By 2035, scalable, user-friendly (and AI-supported) tools will have simplified the development of VFTs to such an e

extent that even individuals with limited technical knowledge will be able to independently create learning L**

environments.

H10 - Adaptive Visual Representations (DP) 1.9(0.83) M*** 2
By 2035, technological advancements - such as high-resolution visualizations - will enable VFTs to support fluid F*

perspective shifts between micro and macro levels (e.qg., close-up views and overviews). L**

H4 - Interactive Avatars (TP) 2.0(0.93) M*** 2
By the year 2035, AI-driven avatars will play a central role in supporting personal interaction within VFT-based s

learning processes. L*

H2 - Content Preparation (OP) 21(0.97) M*** 2
By 2035, software solutions for designing VFTs will have evolved to the point that preproduced content can be e

integrated - self-created content will no longer be strictly necessary. L*

H11 - Recommender-Based Experiences (OP) 2.1(0.95)  M*** 2
By 2035, VFT platforms will feature recommender systems that suggest suitable VFTs based on individual s

interests, learning progress, and prior thematic knowledge. L*

H5 - Physical Data (TP) 2.2 (0.85) M 2
By the year 2035, VFTs will integrate physical (real-time) data to represent virtual scenarios in a more realistic e

way. This will help to better illustrate the underlying processes. L**

H6 - Immersive Live Streaming (TP) 2.3(0.94) M** 2
Live streaming will become a standard tool for VFTs by 2035: learners will be able to “participate” at remote e

locations in real time and communicate live with on-site participants via 360° video and VR interaction, enabling,

for example, virtual school trips with real-time experiences.

H12 - Collaborative Learning (DP) 2.3(1.05) M** 2
By 2035, collaborative learning in VFTs (e.q., via social VR platforms) will be a standard part of the didactic e

repertoire.

H7 - Delivery (OP) 2.4(0.95) M** 2
By 2035, central platforms - modeled on MOOC systems (Massive Open Online Courses) - will enable the broad e

provision and systematic use of modularly structured VFTs.

H13 - Integration into Teacher Education (OP) 2.6 (1.03)  F¥** 3
By 2035, the creation and didactic use of VFTs will be an established part of teacher training and professional

development for educators and teaching professionals.

H3 - Reception (TP) 27(1.03)  F¥** 3
By 2035, VFTs will predominantly - i.e., in more than 50 % of cases - be flexibly accessed via mobile XR

headsets, which mediate situationally between physical and virtual environments and will have replaced

traditional screen formats as the primary reception technology.

H14 - Accessibility (DP) 2.8(1.14) P 3

By 2035, VFTs will, through inclusive design, enable all learners - regardless of physical, cognitive, or social
conditions - to benefit from full and equal participation.

Sig.: T-test against the scale mean (3): M**p <0.01; M***p <0.001. Wilcoxon signed ranks test against hypothesis 1 (design and production): F* p
<0.05; F**p <0.01; F***p <0.001. Wilcoxon signed ranks test against hypothesis 14 (accessibility): L* p <0.05; L**p <0.01; L***p <0.001. The raw data

can be obtained on request from the corresponding author.
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H7 - Delivery via Central Platforms (M = 2.4) and H13 — Inte-
gration into Teacher Education (M = 2.6) showed lower con-
sensus, suggesting that systemic changes within educational
institutions are seen as more dependent on external fac-
tors such as policy, infrastructure, and professional training
measures.

5 Conclusion, limitations
and outlook

In addressing the research questions, this study shows that
the future development of VFTs is closely linked to ongo-
ing technological innovation. The concept of affordances
provides a useful lens to structure this relationship across
the dimensions of technology, experience, and learning. The
Delphi findings suggest that VFTs are likely to become even
more immersive, adaptive, and learner-centred — driven
by advances in integrated media technologies, user-friendly
authoring tools and Al-based personalization. However, the
study also reveals a tension between technological progress
and institutional implementation. This pattern reflects what
Ogburn® described already over a century ago as a “cultural
lag,” a phenomenon whereby technological advancements
outpace the ability of social and institutional systems to
adapt. As Fisher and Wright** note, such lags remain a
defining feature of contemporary innovation landscapes.
In line with this, the Delphi results show strong consensus
on technical developments (e.g., H1 —Design and Produc-
tion; H8 — Development Tools; H9 — Learning Analytics),
but significantly lower agreement on organizational readi-
ness, such as the integration of VFTs into teacher training
(H13) or the establishment of centralized delivery platforms
(H7). This suggests that while the technological founda-
tions for next-generation VFTs are rapidly evolving, their
large-scale implementation in educational systems may be
delayed by organizational constraints and slow pedagogical
adaptation.

Limitations. Despite these insights, the study has sev-
eral limitations. Delphi methods depend on expert judg-
ments and are thus influenced by the perspectives, experi-
ences, and disciplinary backgrounds of the selected sample.
With 24 respondents, the study provides solid trends, but
the generalizability may remain limited. Given the panel
size (n = 24), the statistical power of the second-round
tests is limited, especially for small effects; therefore, non-
significant differences should not be interpreted as evi-
dence of no effect. Although the Delphi design enabled
structured consensus-building among experts on future
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developments, the study did not include any follow-up dis-
cussions or focus group formats. Such qualitative exchange
formats could have provided additional insights into the
reasoning behind individual expert judgements. At the
same time, focus groups can be seen as an optional comple-
ment rather than a core element of Delphi studies, which
deliberately relies on iterative, partially anonymised indi-
vidual judgements in order to avoid group dynamics and
dominance effects.?’*! Future studies could nevertheless
supplement Delphi surveys with interviews or group discus-
sions in the spirit of a mixed-methods approach.

Moreover, predictions about the future are inherently
uncertain and methodologically challenging, as they always
depend on the respondents’ current perspective. Future
projections are always, to some extent, a glance into the
crystal ball and should not be understood as definitive pre-
dictions, but rather as structured approximations of possi-
ble futures, at the time of the study. Further, the divergences
observed in the study with regard to agreement on individ-
ual hypotheses, such as H14, are to be expected and reason-
able for the Delphi method. The aim of the Delphi method
is not only to establish consensus, but also to highlight
different, sometimes contradictory assessments of com-
plex, future-oriented issues.”’>*! This is also reflected in our
expert pool, which covers a broad range of disciplines and
institutional roles and includes experts working in multiple
countries (Appendix A). Such divergences can be attributed,
among other things, to the heterogeneity of the experts,
particularly with regard to their professional backgrounds,
institutional roles, and practical experience.*>* Hypotheses
with normative or structural implications — such as H14 on
the issue of accessibility — are particularly susceptible to
divergent assessments, as they imply not only technological
feasibility but also institutional, organizational, and ethical
prerequisites. In addition, the literature indicates that dif-
ferent understandings of terms within a panel can increase
the variance of judgments, especially when hypotheses are
formulated openly in order to reflect a spectrum of per-
spectives.** The observed differences in agreement should
therefore be understood less as a methodological weakness
and more as an indication of real tensions between techno-
logical potential, educational objectives, and organizational
conditions, the resolution of which is crucial for further
research and discussion.

Transferability. The results of our study appear to
be neither limited to a particular level of education nor
to a particular educational technology but can be inter-
preted at the level of fundamental technological, experien-
tial, and learning-related affordances. The identified poten-
tial of VFTs — in particular exploratory, self-directed, and
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situated learning, as well as the importance of “place”
and “scale” — is relevant in principle at different levels of
education, such as primary and secondary education,
higher education, or continuing vocational education and
training. At the same time, the study shows that the imple-
mentation and sustainable integration of VFTs is limited
less by technological or didactic factors than by organiza-
tional constraints. Differences in curricular requirements,
institutional autonomy, resource availability, and teacher
education influence the extent to which VFTs may be used.
The transferability of the results should thus be consid-
ered limited: while the underlying affordances may also be
applied to other immersive educational technologies fea-
turing a comparable exploratory and situational character,
their institutional implementation remains highly context-
dependent and requires appropriately adapted organiza-
tional and didactic concepts.

Future research should expand the empirical basis
by incorporating the views of practitioners and learners.
Mixed-method approaches, as well as longitudinal studies,
could deepen our understanding of how VFTs are actu-
ally experienced and how they could develop in future. As
immersive technologies and Al continue to evolve, research
must critically examine not just what is technically feasi-
ble, but also what is pedagogically meaningful and institu-
tionally viable. Nevertheless, VFTs are likely to remain a
widely accessible learning tool with a reasonable produc-
tion effort when compared to the learning outcomes that are
achievable.
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Appendix A: Demography of
experts

Round 2

Table A-1: Demography of the round 1 experts; multiple disciplines possible (ordered alphabetically).

Pseudonym Discipline Position Country
E1-1 Criminology, Criminal Justice, and Legal Studies Doctoral Student USA

E1-2 Learning and Teaching with Media Doctoral Student Germany
E1-3 Computer Science, Education Science, Social Science Doctoral Student Germany
E1-4 Artificial Intelligence, Education Science, Innovation Management, Information Science Doctoral Student Germany
E1-5 Engineering Computer Science, XR Professor Germany
E1-6 Design, Media and Educational Science Professor Denmark
E1-7 Computer Science, Educational Technology Researcher Germany
E1-8 Education Science Researcher Germany
E1-9 Computer Science, Education Science, Educational Technology, XR Professor Germany
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Round 2
Discipline

Table A-2: Disciplines of the invited round 2 experts; multiple disciplines

possible, ordered by frequency de-scending.

Discipline

Freq. (Abs). Freq. (Rel).

Education Science

Educational Technology

XR

Computer Science

Engineering Computer Science

Geography

Environmental Engineering

Civil engineering, HCI, Psychology

Business Informatics, Communication Studies,
Geology, Information Science, Physics
Artificial Intelligence, Business Administration,
Cognitive Science, Geoinformatics
Architecture, Art, Astronomy, Digital Media,
Innovation Management, Mathematics, Social
Work, Urban Studies

28

19

18

9

7

7

5

4 each
3each

2 each

1each

35%
24 %
23%
1%
9%
9%
6%
5% each
4 % each

3% each

1% each

Position

Table A-3: Positions of the invited Round 2 experts, ordered

by frequency descending.

Position Freq. (Abs.) Freq. (Rel.)
Professor 44 56 %
Doctoral Student 12 15 %
Researcher 1 14 %
Lecturer 6 8%
Policy Advisor 3 4%
Non-Academic Professional 2 3%
Independent Researcher 1 1%

Country

Table A-4: Countries of work of the invited Round 2 experts, ordered

by frequency descending.

Country Freq. (Abs.) Freq. (Rel.)
Germany 32 41%
United Kingdom 10 13%
United States 9 1%
Switzerland 5 6 %
Canada, Denmark 3 4%
Estonia, Indonesia, Netherlands, New 2 3%
Zealand, Turkey

Australia, China, Czechia, Finland, 1 1%

Romania, Sweden, Taiwan

3.

10.

13.

14.

15.

16.

17.

18.
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