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Abstract

Hybrid learning spaces may be described as physical environments enhanced by digital technologies,
which enable learning scenarios involving both in-person and online participation. This article
presents a hybrid learning space designed for higher education. The design of the space has been
informed by Lefebvre’s design principles: (a) spatial practice enabling flexible usage scenarios, (b)
representations of space conveying openness and adaptability, and (c) representational spaces
supporting experiences of presence in both physical and digital form. The article describes design
characteristics guiding the implementation of the hybrid learning space and explains corresponding
design decisions, such as the use of a wall-sized projection. Further, the article introduces affordances
and usage scenarios of the hybrid learning space developed. Moreover, an evaluation study of the
hybrid learning space is conducted by means of a 360°-based virtual field trip (VFT). The VFT, led by
an educator, serves as preparation for a field trip (FT) to a composting plant two weeks later.
Participants of both VFT and FT (N=11) completed a questionnaire addressing psychological
constructs related to learning, including motivation, emotion, immersion, presence, and cognitive
load. We report the results of the VFT alongside those of the FT as a baseline. Some notable
differences, for example in social presence, suggest areas for further development of the hybrid
learning space. Overall, the study characterises key features of hybrid learning spaces, identifies their
contribution to high-quality teaching and provides inspirations for their further development.

Keywords: virtual excursion; 360-degree; 360°VR; motivation; emotion; learning prerequisites;
presence; immersion; hybrid learning space; learning scenarios; spatial design

1. Introduction

The advantages of hybrid learning spaces include increased accessibility through flexibility
(Kohls et al., 2023). A high utilization of technology makes these spaces accessible. New forms of
collaboration and interaction are necessary for, but also made possible by, the targeted use of hybrid
learning spaces (Eyal & Gil, 2022). Overall, hybrid learning spaces can be seen as valuable places of
learning (Bennett et al., 2020; Raes et al., 2020), but these spaces require careful design (Biilow, 2022;
Goodyear, 2020; Raes et al., 2020), not least because of the inherent costs (Xiao et al., 2020).

The article aims to outline the design principles that informed the design and guided the
implementation of the HLA. Further, we describe a few usage scenarios enabled by the highly flexible
HLA. As a pilot study, we present an assessment of a typical learning scenario in the HLA, a virtual
field trip (VFT). The pilot study is designed as an evaluation study (Reinking & Alvermann, 2005) to
validate and characterize the basic feasibility of a VFT in the HLA. To this end, a various
psychological construct relevant to learning has been be collected. Accordingly, we aimed at
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evaluating the effects of using the HLA for an VFT on various learning prerequisites, such as
motivation and emotion. Further, we compared these findings with the values obtained from an in-
person field trip (FT). In the HLA scenario investigated here, both the instructor and all learners
participated in person. The primary technology used was a wall-filling projection of the VFT-
powering 360° space onto one of the HLA’s walls.

The remainder of the article is structured as follows. In the following chapter, we describe the
method used, followed by a description of the HLA and its design foundations. Chapter 4 reports the
results of the questionnaire, which are discussed in the following chapter 5. Chapter 6 concludes the
article.

2. Method

Hybrid Learning Space. First, this article presents a hybrid learning space designed for higher
education. The space design has been informed by Lefebvre’s design foundations: (a) spatial practice
enabling flexible usage scenarios, (b) representations of space conveying openness and adaptability,
and representational spaces supporting experiences of presence in both physical and digital form.
We describe design characteristics guiding the implementation of the hybrid learning space and
explain corresponding design decisions, such as the use of a wall-sized projection.

360° Space. 360° spaces, which can be utilized for virtual field trips (VFTs), are composed of
multiple 360° images of an object, allowing users to change positions along the viewpoints of the
original captures (Heuke Genannt Jurgensmeier et al., 2023; Pham et al., 2018). Using 360° images to
create virtual reality (VR) applications offers advantages, such as reduced effort and greater
authenticity, compared to VR applications based on 3D models (Shinde et al., 2023). 360° spaces have
been described in various learning contexts (Fink et al.,, 2023; Mulders, 2023; Pham et al., 2018;
Shadiev et al., 2022; Shinde et al., 2023; Violante et al., 2019; Wolf et al., 2021, 2023). Given their high
suitability for teaching, it seems consistent to experiment with extending the characteristics of these
learning contexts, such as designing them as escape rooms (Moreno-Reyes et al., 2022; Wolf, Montag,
et al., 2024) or configure them as multi-user environments (Eiris et al., 2022; Teo et al., 2020; Wolf,
Hartwig, et al., 2024). In this study, we explore the integration of a 360° space featuring a composting
plant (Stadtwirtschaft Weimar et al., 2022) as a VFT into a lecture conducted in a hybrid learning
space called Hybrid Learning Atelier (HLA, Hintzer et al., 2023).

Evaluation Study. The VFT was conducted using a 360° space (Stadtwirtschaft Weimar et al.,
2022) as part of the course Anaerobic Technology within the Bachelor’s program in Environmental
Engineering, serving as preparation for the FT to the same composting plant held one week later. Both
VFT and FT lasted 90 minutes, and all participants travelled individually to the respective location.
For the VFT, the hybrid learning space HLA was used. Both the VFT and the FT at the composting
plant were conducted by the same educator as guided field trips aimed at conveying knowledge
about the object, without specific active tasks for the students.

Survey. At the end of each session, participants completed a questionnaire capturing
demographic information and several standardized instruments. Learning motivation was measured
using the Questionnaire for Measuring Current Motivation in Learning and Performance Situations (QCM)
(Rheinberg et al, 2001), while emotions were assessed using the Achievement Emotions
Questionnaire (AEQ) focused on learning-related emotions (Pekrun et al., 2011). Additionally, social
presence was measured using the Social Presence Questionnaire (SPQ) (Lin, 2004), and cognitive load
was evaluated using the eight item instrument developed by Klepsch et al. (2017). Further we
measured presence, using the Igroup Presence Questionnaire (IPQ) developed by Schubert et al. (2001)
and immersion, using the Immersive Experience Questionnaire (IEQ) described by Jennett et al. (2008).

Demography. Eleven students participated in the VFT, with an average age of 22.6 years (SD =
3.78, range: 19-32). Eight students attended the FT, with an average age of 21.1 years (SD =2.26, range:
19-26). Seven students participated in both VFT and FT.
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3. The Hybrid Learning Atelier (HLA): Conceptual Foundations and Design
Principles

3.1. Background and Objective

The concept for the HLA arose in response to the fundamental transformation of higher
education and learning cultures in the digital age. Experiences during the pandemic had indeed
highlighted the technical possibilities of digital teaching but at the same time revealed their limits
regarding social presence, embodied learning experiences, and atmospheric qualities (Hodges et al.,
2020; Reinman, 2021). Thus, we aimed to develop a prototypical learning space that synergistically
combines the potential of physical and digital learning environments, rather than treating them as
opposites.

The overarching design goal was creating a space that enables the simultaneous presence and
productive interaction of participants who are physically on-site and those connected digitally. In
doing so, the technical infrastructure was not intended to appear as a dominant element but rather
to blend organically into an appealing learning environment with a welcoming atmosphere.
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Figure 1. Floor plan with ceiling rails for curtains and electricity, trusses, projection screen and furniture.

3.2. Foundations of Space Design

The conceptual basis of the HLA builds on Henri Lefebvre’s understanding of space as a socially
produced entity. According to Lefebvre (1991), space emerges from the interplay of spatial practice
(how the space is used), representations of space (how the space is conceived), and representational
spaces (how the space is experienced). This triad became the guiding principle for the design process:
e  Spatial Practice should enable flexible usage scenarios.

e  Representations of Space should convey openness and adaptability.
e  Representational Spaces should support experiences of presence in both physical and digital
form.

Empirical findings show that spatial factors such as lighting, acoustics, and layout systematically
correlate with attention, well-being, and performance measures (see Barrett et al.,, 2015). Further,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.2189.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 August 2025 doi:10.20944/preprints202508.2189.v1

4 of 16

findings also underline that targeted acoustic measures can significantly improve speech
intelligibility and the quality of discourse (Cox & d’Antonio, 2016).

Purposing the HLA as a space for experimentation led to a non-deterministic spatial design.
Instead of prescribing fixed usage patterns, the space was designed to allow for diverse ways in
which users could adapt to various usage scenarios (Figure 1, Figure 3). This was manifested, for
example, in the deliberate decision to avoid permanently installed furniture in favour of flexible,
modular elements.

Moreover, considerable effort was made to accommodate the desired multi-sensory qualities
of the room (see Pallasmaa, 2012). The design accounted not only for visual aspects but also for
acoustic, haptic, and atmospheric dimensions. The choice of materials — warm, varnished wood for
the furniture and wall panelling, textile surfaces for acoustic optimization, and a matte projection
surface to prevent glare and to serve as a counterpoint to large monitor walls — was aimed at
achieving a balance between technical functionality and the quality of sensory experience (Figure 2).

Figure 2. Daylight situation with wall-filling projection.

3.3. Design Principles and Their Implementation

The following design principles were implemented based on an iterative, interdisciplinary
design process:

1. Learning-friendly Workspace Design. The combination of modular furniture and clear spatial
affordances aims at reduction of extraneous cognitive load and should promote learning-
relevant processing (germane load) (cf. Chandler & Sweller, 1991; Klepsch et al., 2017).

2. Flexibility Through Modularity. The furniture consists of rectangular seating elements that can
be used as individual seats, arranged in rows, or combined to form group tables. This flexibility
should allow for fast adaptation to different teaching scenarios, from frontal presentations to
small group work to informal discussion rounds (Ninnemann, 2018).

3. Technology as an Invisible Enabler. The passive technical infrastructure has been deliberately
integrated into wall cabinets and ceiling installations so as not to dominate the character of the
room. Cables are routed through floor boxes and wall ducts.

4. Atmospheric Quality. The interior design strives to strike a balance between the perception of
a creative studio and a technologically advanced learning space. Visible Oriented Strand Board
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(OSB) surfaces and a coarse coloured carpet reference the Bauhaus tradition of using materials
in their pure form, while indirect LED lighting and acoustically effective textiles offer
contemporary comfort (Figure 3).

Figure 3. Partitioning of the HLA using a flexible, sound-absorbing curtain system.

3.4. Technical Implementation

The HLA technical infrastructure was developed consistently based on a range of identified
usage scenarios, some of which were very different. The technical infrastructure is based on an
elaborate integration of various subsystems: instead of simply adding individual technologies, an
integrated system was created that aims to blur the boundaries between physical and digital space.

Immersive Projection Environment. The visual centrepiece, a wall-filling double projection
measuring 6.25 m x 2.80 m, transforms an entire wall into a dynamic communication surface (Figure
4). This not only allows presentation content to be displayed but also creates a visual communication
space in which remote participants can appear life-size. The ultra-short-throw technology allows
instructors and students to move freely in front of the projection surface without casting distracting
shadows, a key advantage for interactive teaching scenarios. The life-size, wall-filling display should
support social presence. Seamless soft-edge blending allows the technical construction to fade into
the background and may support immersion in virtual worlds, whether for 360°-based virtual field
trips (Sobke & Kraft, 2024) or viewing large-format visualizations as a group. The projection
represents the fourth wall of the room, which can be transparent for digital worlds or opaque for
local activities as required.
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Figure 4. Immersive Setting with interactive motion tracking application.

Flexible Audio Ecosystem. The DANTE-based audio system reflects the philosophy of the HLA:
maximum flexibility with minimum visibility. Twelve freely positionable loudspeakers should
deliver an excellent acoustic environment for many scenarios, from clear speech reproduction in
video conferences and immersive soundscapes for virtual excursions to experimental sound
installations. Beamforming microphones and zoned DANTE routing increase speech intelligibility
and reduce background noise, which reduces extraneous acoustic information and stabilizes AV
synchronization (see Cox & d’Antonio, 2016; Klepsch et al., 2017). The ceiling microphone array with
beamforming technology frees instructors and students from the need for individual microphones. It
can follow the speaker in the room and intelligently filters out background noise. This invisible
technology allows for natural movement and interaction without technology becoming a limiting
factor.

Multidimensional Camera Operation. The camera system was designed to meet the challenges
of hybrid communication. Three unobtrusive cameras positioned at eye level should give the
impression of direct eye contact between people in the room and remote participants—aiming at
improving the social presence of all participants. These compact lipstick cameras with
interchangeable lenses can be positioned flexibly for close-ups, work surfaces, and interaction areas.
Different arrangements allow both educators and learners, as well as work processes, to be viewed
in high resolution by remote participants. While the eye-level cameras with consistent image
grammar (discourse, detail, overview view) strengthen eye contact and presence perception and
reduce visual searches when speakers change (Kreijns et al., 2022). The ceiling camera also provides
an overview perspective, which is particularly valuable for collaborative work or documenting work
that takes place in a traditional analogue setting, such as on a table.

Orchestration and Controlling. A PC workstation with a powerful graphics card for multiple
projections serves as the concertmaster for the technical ensemble. It synchronises image and sound
sources, manages multiple input signals, and enables seamless transitions between different usage
scenarios. Predefined presets transform the HLA from a seminar room into a video conference
environment or an immersive theatre experience. The integration of Network Device Interface (NDI)
extends the possibilities beyond the boundaries of the room — content can be fed in via the campus
network or transmitted to other rooms. This networking capability makes the HLA a hub in the
emerging ecosystem of hybrid learning spaces.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Adaptive Lighting Design. The lighting follows the principle of scenario-based adaptation. For
video conferences, frontal LED floodlights create uniform illumination that makes faces appear
natural, while side spots provide contour and depth. In presentation mode, the light focuses on the
presenter, while the audience area is bathed in subdued light. Lighting control influences facial
legibility, depth, and visual fatigue; controlled lighting (key/fill/back, glare-free) supports attention
and interaction (cf. Barrett et al., 2015). In the learning studio, integration with the existing power rail
system and app-based control allow lighting moods to be precisely tailored to the respective learning
situation — from a concentrated working atmosphere to a relaxed creative environment (Figure 5).
However, the most effective means of creating a pleasant atmosphere is as simple as it is rarely used
in similar environments: daylight. One side of the room is equipped with large windows and a glass
door so that those in the studio do not have to isolate themselves from the outside world or forego
the atmosphere surrounding the building.

Figure 5. Athmospheric light setting for a spatial audio installation.

3.5. Usage Scenarios

The technical infrastructure aims at a wide range of teaching possibilities; among these usage
scenarios are:

Hybrid Seminars: Local and remote participants work together as equals, supported by life-size
displays and natural eye contact.

5. Virtual Field Trips (VFTs): The combination of wall-to-wall projection and spatial audio creates
immersive experiences that go far beyond traditional screen presentations.

6. Experimental Teaching Formats: The flexible infrastructure invites experimentation with new
concepts — from interactive installations to networked courses across spatial boundaries.

7. Collaborative Creative Processes: Multiple inputs and freely scalable displays allow different
work results to be presented and discussed simultaneously.

3.6. Design Summarization

The HLA aims to demonstrate how technology can become an invisible enabler when it is
consistently design-driven and user-centric. Further, the HLA aims at not being the sum of its
technical components but at being more - a carefully composed space that should inspire and support
new forms of teaching and learning.
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4. Evaluation Study

The following section describes the results of the evaluation study of one of the numerous
learning scenarios offered by the HLA, a virtual field trip (VFT). The questionnaire was distributed
to participants in written form following the respective event.

4.1. Motivation

Motivation is one of the prerequisites for learning; understanding motivation helps assess the
learning effectiveness of an activity (Pintrich, 2003). The instrument for measuring motivation, the
QCM (Rheinberg et al., 2001) includes the four subscales anxiety, interest, challenge and probability of
success (Figure 6).
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Figure 6. Motivation according to QCM (Likert scale from 1 (no agreement) to 7 (full agreement), mean values

and standard deviations).

4.2. Emotion

A suitable emotional state is also considered a prerequisite for successful learning (Tyng et al.,
2017). Thus, the learning-related emotions as an 8-item sub-questionnaire of the AEQ (Pekrun et al.,
2011) were assessed (Figure 7).
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Figure 7. Emotions according to AEQ (Likert scale from 1 (no agreement) to 7 (full agreement), mean values and

standard deviations).

4.3. Cognitive Load

Cognitive Load Theory (Chandler & Sweller, 1991) assumes that learning is associated with
cognitive load. Measuring cognitive load allows for the identification of factors that either promote
or hinder learning (Klepsch et al., 2017). Cognitive Load (CL) is divided into three subscales (Table
1): Intrinsic CL (related to the learning content), Germane CL (learning-related CL), and Extraneous CL
(related to the design of the learning material). A major goal — when designing learning experiences
—is to achieve a low extraneous CL alongside a high germane CL.
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Table 1. Cognitive Load (7-point Likert scale).

Scale \_]FT _F T
x (0) x (9)
Intrinsic 2.6 (1.57) 3.0 (1.27)
Germane 5.7 (1.05) 5.7 (0.95)
Extraneous 2.2 (1.20) 1.7 (0.65)

4.4. Presence and Immersion

Presence and immersion are frequently analyzed in combination (Nilsson et al., 2016; Radianti
et al., 2020). While presence refers to the physical and spatial sensation of actually being physically
present in the virtual environment (Witmer & Singer, 1998), immersion describes the psychological
state of being immersed in a virtual world (Agrawal et al., 2020; Nilsson et al., 2016). Presence and
immersion are significant for learning (Dengel & Méagdefrau, 2020; Huang et al., 2020; Petersen et al.,
2022) because, among other things, they may increase attention and promote learning prerequisites
such as motivation (Kim & Biocca, 2018) and emotions (Spangenberger et al., 2024). In addition,
learning formats that particularly promote presence and immersion, such as virtual reality-based
virtual environments, usually also offer the potential for highly effective experiential learning (Asad
et al., 2021; Hu-Au & Lee, 2017).

Presence refers to the subjective experience of being physically present in a virtual environment,
even though one is objectively located elsewhere (Schubert et al., 2001). This feeling is often described
as spatial immersion or spatial presence and is central to virtual reality experiences, but also to many
digital media, such as games or simulations (Skarbez et al., 2018; Slater & Wilbur, 1997). Presence is
considered a key measure of the quality of virtual environments (Lombard & Ditton, 1997; Slater &
Wilbur, 1997). A high presence is often associated with greater effectiveness (e.g., in learning
simulations or therapy), more intense experiences (e.g., in VR games) and emotional involvement
(Weber et al,, 2021; Witmer & Singer, 1998). The IPQ (Schubert et al., 2001) measures the three
subscales Spatial Presence — the feeling of being physically present in virtual space, i.e., the spatial
location —, Involvement — the degree of attention to the virtual environment and cognitive and
emotional involvement, Experienced Realism — the subjectively perceived realism of the virtual
environment —, and General Presence, a single item for the global assessment of the sense of presence
(Table 2).

Table 2. Subscales of Presence (Likert scale from 0 to 6, determining increasing presence).

Subscale \_]FT _F T
x (0) x (0)
Spatial Presence (SP) 2.7 (1.42) 4.5 (1.49)
Involvement (INV) 2.2 (1.34) 2.7 (1.53)
Experienced Realism (EXP) 2.7 (1.26) 4.7 (1.68)
General Presence (G) 3.3(1.21) 6.0 (0.00)

Social Presence is defined as a psychological phenomenon in which other individuals are
perceived to some extent as physical real persons in technology-mediated communication (Kreijns et
al., 2022) and is likewise considered beneficial for learning. Social presence is a type of presence that
appears to have a particular influence on satisfaction. (Bulu, 2012). The instrument by Lin (2004)
measures three subscales (Table 3). Learning-Supportive Group Activities describes the extent to which
group activities are conducive to learning, Social Well-Being outlines the degree to which participants
found it enjoyable to share emotions in the group, and Social Orientation stands for the level to which
the actions of group participants influenced their own activities.

Table 3. Subscales of Social Presence (Likert scale from 1 (no agreement) to 7 (full agreement)).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Subscale YFT f T
x (9) x (9)
Learning-Supportive Group Activities 4.5 (1.31) 5.4 (1.44)
Social Well-Being 3.4 (1.58) 5.0 (1.66)
Social Orientation 2.7 (1.59) 3.6 (1.59)

Immersion. The Immersive Experience Questionnaire (IEQ) by Jennett et al. (2008) has been chosen
for capturing the immersion of participants. The IEQ contains 16 pairs of items — each consisting of a
complementary positive and negative statement and a general item for assessing immersion. To
avoid the data collection becoming too extensive, we only included the positive items and the general
item (Table 4).

Table 4. Immersion.

Scale YFT ,F T
x (0) x (0)
16 Positive Items (0 to 4) 31.8 (7.83) 32.1(6.17)
General Item (1 to 10) 7.0 (1.76) 8.4 (1.32)

5. Discussion
5.1. Hybrid Learning Atelier (HLA)

The HLA emerged from a combination of aspiration and necessity, driven by the need to devise
hybrid learning scenarios that would facilitate the integration of online and in-person participants
within a unified physical environment. After reviewing the state of the art, it became evident that
there were no authoritative guidelines for the design of such a space and that a custom design was
required. Accordingly, based on Lefebvre’s understanding of space as a socially constructed entity
and the possibilities offered by modern technology, the HLA was designed and created. The HLA is
supported by extensive technical capabilities that appeal to multiple senses and enable affective
engagement with participants. The HLA’s high degree of flexibility allows for numerous different
usage scenarios, which are currently being piloted. The present pilot phase is centered on the analysis
of the divergent usage scenarios, with the objective of deriving experience-based didactic instructions
for each scenario.

5.1. Evaluation Study

Hybrid learning spaces, such as the HLA, offer opportunities for novel learning scenarios. In
this evaluation study, we utilized the HLA to conduct an educator-led 360°-based VFT at a
composting plant. The FT conducted at the same location the following week served as a baseline for
the data collected.

5.2.1. Survey

Motivation. The results show that learners scored highly on the subscale Interest, while the
subscale Anxiedy scored very low. Both values are considered conducive to learning. The low
challenge paired with a high perceived Probability of Success during the VFT could indicate that the
learning activity was too easy, suggesting that learners could be given more demanding tasks. This
assumption seems plausible for a simple FT experience where no immediate learning pressure is
applied.

While the differences between VFT and FT in three subscales do not exceed 0.3 points, the one-
point difference in Challenge in favour of the FT is notable. We assume that during an FT, participants
are more engaged in following the educator’s explanations, understanding them acoustically, and
navigating their place in an unfamiliar environment, while also attending to safety-relevant aspects.
In contrast, the VFT provides a fixed, static position in a learning space with comfortable external
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conditions, such as temperature and lack of odours, which may be perceived as less challenging.
Accordingly, we assume that an FT activates learners more.

Emotion. The results (Figure 2) may generally be considered conducive to learning. Positive
emotions, such as Hope and Joy, scored high, i.e., above 6 points. In contrast, negative emotions, such
as Boredom, Irritation, Shame, Hopelessness, or Nervousness, scored below 2 points and are therefore
rated as very low. Pride occupies a middle position. For the FT, a score of 4.9 is regarded positive,
while for the VTF, the score is 3.0, which is two points lower and in the lower half of the scale, thus
rather low. This divergence is striking. It could reflect the lower level of challenge in the VFT.
Alternatively, the higher level of pride in the FT might stem from the individual organizational effort
required to arrive on time.

Cognitive Load. The measurement of Cognitive Load (CL) revealed generally learning-
conducive conditions for both VFT and FT. The difficulty of the learning content (Intrinsic CL) was
perceived as higher for the FT, possibly because more details about the composting plant were
observable and discussed during the FT. In contrast, the preparation of the learning content
(Extraneous CL) was perceived as slightly more challenging for the VFT, meaning the FT caused less
extraneous CL, as the on-site experience may be perceived less as learning material. The learning-
related load (Germane CL) reached the same high value of 5.7 for both VFT and FT. These high values
for Germane CL, combined with the low values for Intrinsic and Extraneous CL for both VFT and FT,
are to be considered highly conducive to learning.

Presence. The VFT receives average values for presence, which are lower than those of the FT.
The highest value (3.3) is achieved for the 1-item scale General Presence, where, interestingly, the FT
receives the full score of 6. The lowest score of 2.2 for involvement is noteworthy. This might align
with the low score for the motivation subscale Challenge: it seems that the participants were less
successfully activated.

Social Presence. Also, the measurement of social presence revealed significantly higher values—
by at least one point—for all three subscales in the FT (Table 1). This may result from the higher
individual activity levels and greater mixing of participants due to the ongoing physical movement
during the FT. In contrast, these effects may be absent in the VFT, where participants remained in the
same position throughout. However, the order of the three subscales appears consistent. The highest
agreement is achieved for the subscale Learning-Supportive Group Activities, which measures the extent
to which group activities are conducive to learning. The second-highest rated subscale, Social Well-
Being, indicates the extent to which participants felt comfortable expressing and perceiving emotions
within the group. The lowest-rated subscale, Social Orientation, reflects the extent to which the
activities of other group members influenced one’s own activities.

Immersion. Values for immersion reveal an average value of almost 2 per positive item, i.e., in
the middle of the scale. VFT and FT show no difference regarding the sum of the 16 items, while VFT
values have a standard deviation that is almost 2 points higher. This might suggest that, on average,
immersion is the same, but there are greater differences between individual participants. For the
single item, the VFT value of 7.0 is well above the midpoint of 5.5, but below the FT value of 8.4. The
immersion values are not to be rated as negative, but there seems still room for improvement.

5.2.2. Implications of the Survey

From the results, several conclusions might be drawn:

i.  The HLA-based VFT achieves conducive conditions for learning and can be considered an
effective learning activity. This finding confirms the existing literature on the learning-
conduciveness of VFTs (Kogoglu & Haidari, 2025; Shadiev et al., 2022; Shinde et al., 2023).

ii. The similarity of VFT and FT is reflected in their frequently comparable characterization across
different constructs, such as motivation, emotion, and CL. The improved values regarding

presence and social presence in the FT seem plausible.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.2189.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 August 2025 d0i:10.20944/preprints202508.2189.v1

12 of 16

iii. The FT appears to be slightly more conducive to learning than the HLA-powered VFT. This
finding aligns with the literature but does not diminish the validity of VFTs and especially the
HLA. VFTs have various advantages, such as the ability to be used independent of time and
location and significantly lower effort for implementation. Additionally, the VFT in this study
was used as preparation and thus as a complement to the FT.

iv. A further study result is the generation of exemplary values for the respective measures
regarding an HLA-based learning activity.

v. The effects of preparing for the FT with the VFT should also be examined in detail. It is to be
assumed that learning already occurred during the VFT. If the germane CL for the FT reached
the same value, this suggests that additional details about the learning content were learned

during the FT, which aligns with the slightly higher intrinsic CL value for the FT.

5.2.3. Limitations

The study has some limitations and accordingly raises suggestions for future research. These
include the small sample sizes, both in terms of participants and the investigation of only one FT site.
Due to the small sample sizes, no inferential statistics were applied. The clear statements — presented
for the sake of conciseness — should therefore be taken with caution. Nevertheless, we believe that
the results provide valuable indications for hypothesis formation in studies with larger sample sizes.

Furthermore, the results may be highly dependent on the design characteristics of the HLA,
especially since hybrid learning spaces., such as the HLA, encompass a very heterogeneous group of
spaces. It is also likely that the outcomes are influenced by the specific FT site (the composting plant),
as well as by the designer-dependent creation of the 360° space. The influence of the educator,
particularly their approach to leading both the VFT and FT, should also be acknowledged.

Additionally, it should be noted that some of the standardized measures used were partly not
applied in accordance with their usage guideline. The QCM, is designed to be used before the
learning activity but was utilized after the activity in this study for practical reasons, avoiding an
additional questionnaire). Participants were instructed to imagine a learning activity like the one just
completed. Similarly, the SPQ is intended for online collaborative learning scenarios, whereas the
online characteristic was not a major factor in this study. Further, the IEQ has been developed for
measuring immersion in digital games. These modified uses call for the identification of alternative,
more closely coordinated measures instruments for follow-up studies.

In both VFT and FT, all participants were included in the evaluation, not just those who
participated in both VFT and FT. A pre- and post-test to measure knowledge gain would also be
helpful in evaluating these learning activies.

The order in which the VFT was conducted first to prepare for the FT likely influenced the results
but appears didactically advantageous (Klippel et al., 2020; Sobke et al., 2020). A comparison with the
reverse order would be interesting, though from a didactic perspective, using the VFT to prepare for
the FT seems more suitable. Revisiting the VFT afterward could be beneficial for learners, particularly
for clarifying specific issues in the context of follow-up assignments. When participants were asked
about their preferred sequence, 6 out of the 7 participants who attended both VFT and FT indicated
that they preferred the VFT as preparation for the FT. In summary, it can be concluded that the HLA
used led to a positively rated VFT. Further studies are necessary for a targeted improvement of the
scenario.

We acknowledge that this pilot study has not been able to verify all design objectives. However,
we were able to validate the basic functionality of the HLA and obtain preliminary values for
learning-relevant psychological constructs for a use case.

6. Conclusions

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.2189.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 August 2025 d0i:10.20944/preprints202508.2189.v1

13 of 16

Hybrid learning spaces are becoming increasingly popular due to the interaction possibilities
they offer. However, there are not many clear, validated design guidelines for such spaces. We have
therefore designed and created a space based on Lefebvre’s design principles. In this article, we
describe the design principles and corresponding design characteristics that led to the actual hybrid
learning space, the Hybrid Learning Atelier (HLA), which offers numerous usage scenarios.
Accordingly, the HLA and its many details might serve as an inspiration for the design of hybrid
learning spaces To provide basic proof of functionality, we conducted an evaluation study using a
360° virtual field trip. This study revealed that, on the one hand, the HLA is certainly capable of
fulfilling its intended purpose. On the other hand, the study data point to positive aspects, such as
the high level of motivation among participants, and to potential for optimization, such as the need
to activate students. We understand this contrast as a call to supplement the technical and
organizational foundations of the HLA with dedicated didactic instructions. Overall, the HLA opens
up a wide range of usage scenarios and contributes highly to improving the quality of teaching.
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