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Abstract. Current descriptions of immersive learning cases are often difficult or
impossible to compare. This is due to a myriad of different options on what de-
tails to include, which aspects are relevant, and on the descriptive approaches
employed. Also, these aspects often combine very specific details with more gen-
eral guidelines or indicate intents and rationales without clarifying their imple-
mentation. In this paper we provide a method to describe immersive learning
cases that is structured to enable comparisons, yet flexible enough to allow re-
searchers and practitioners to decide which aspects to include. This method lev-
erages a taxonomy that classifies educational aspects at three levels (uses, prac-
tices, and strategies) and then utilizes two frameworks, the Immersive Learning
Brain and the Immersion Cube, to enable a structured description and interpreta-
tion of immersive learning cases. The method is then demonstrated on a pub-
lished immersive learning case on training for wind turbine maintenance using
virtual reality. Applying the method results in a structured artifact, the Immersive
Learning Case Sheet, that tags the case with its proximal uses, practices, and
strategies, and refines the free text case description to ensure that matching details
are included. This contribution is thus a case description method in support of
future comparative research of immersive learning cases. We then discuss how
the resulting description and interpretation can be leveraged to change immersion
learning cases, by enriching them (considering low-effort changes or additions)
or innovating (exploring more challenging avenues of transformation). The
method holds significant promise to support better-grounded research in immer-
sive learning.
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1 Introduction

A common problem in the field of immersive learning is the evaluation of outcomes
without the means to determine if the instructional approaches and contexts are com-
parable. This is clear from both the emphasis on systematic literature reviews that focus
on outcomes as well as the paucity of those that examine instructional approaches [1].
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This absence of research on comparing instructional approaches used in immersive
learning is also connected to the more general, but still considerable, gap between the-
ory and practice found in education in general.

A related problem arises in the practice of immersive learning: teachers/trainers
struggle to identify methods enabling them to utilize immersive learning in their in-
structional approaches [2]. Lesson planning requires teachers to locate appropriate in-
structional elements with which to support their instruction, as well as to develop an
activity plan that combines their educational approaches and philosophies with the
characteristics and potentials of immersive learning environments. Implementation and
assessment bring further challenges by requiring coordination of the ever-changing na-
ture of technological skills and the lack of situational awareness of ongoing events [3].
Eventually, teachers often give up and choose to use educational approaches with which
they are more familiar. The theory-practice gap is also present here, with the lack of
comparability of outcomes and cases hindering teachers’ ability to successfully select
and implement immersive learning approaches in their instruction.

These problems of research and practice led to efforts to develop descriptive frame-
works for understanding and interpreting uses and pedagogical interventions in immer-
sive learning environments, using the Immersion Cube [4] and Immersive Learning
Brain [1]. However, a method for employing these frameworks does not currently exist,
and examples of how to use them for research and practical purposes are non-existent.
Therefore, our purpose here is to present a method for employing these frameworks and
to provide a rich description of how to utilize them in the context of researcher and
practitioner needs. Our research problem is thus how to employ the Immersion Cube
and the Immersive Learning Brain frameworks to describe and interpret educational
approaches, and then leverage that to enrich and innovate educational approaches.

This paper tackles this problem by first providing a background on immersive learn-
ing and the analysis of educational activities and summarizing the Immersion Cube and
Immersive Learning Brain frameworks. It then provides a sample case on wind turbines
maintenance procedures training in a virtual reality environment, which will be used to
demonstrate the feasibility of the method. The method is presented, in two stages, for
different levels of description and interpretation: using the Immersive Learning Brain
for strategies and practices and then the Immersion Cube for uses. Then we demonstrate
the method on the sample case, yielding as an artifact its Immersive Learning Case
Sheet (Fig. 5). We conclude by leveraging that interpretation to enrich and innovate
immersive learning cases, explaining the overall rationale it enables and the concrete
application to the sample case, and then exposing limitations and extracting conclu-
sions.

2 Background

2.1 Immersive Learning

Deceptively intuitive, immersive learning can mean multiple things. According to re-
cent results of a survey of researchers and practitioners working in this area, there is
agreement that “The perspective of the field of ‘immersive learning research’ status is
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muddled/fragmented, the current knowledge partially disjointed, specifically among
different disciplines” [5]. While a common understanding of immersive learning sees
it almost as synonymous with the use of virtual reality in education, this technocentric
perspective is giving way to a more holistic, theory-grounded perspective that combines
two complex phenomena: Immersion and Learning [6].

The phenomenon of immersion is seen by recent literature reviews, notably Nilsson
etal.’s [7] as a “deep mental involvement” [8], to the point that an individual’s attention
and awareness shift away from its physical world surroundings. The phenomenon of
learning is also seen as being more encompassing than what occurs at the level of indi-
viduals, from neurological to cognitive aspects, where it is already “non-linear, adap-
tive, and constructive” [9]: current research on learning considers also social and soci-
ological aspects, such as culture, school and professional practice, institutional con-
cerns and the diversity of factors that shape it [6]. Combined, the field of immersive
learning research is seen as addressing the phenomenon of learning seen and influenced
through the lens of immersion [6].

2.2 Analysis and Planning of Educational Activities

To better understand the activities that occurred in immersive learning environments,
it became important to understand the kinds of activities which occurred therein. The
taxonomy proposed by Beck et al. [1, 4] was proposed to interpret these activities at
three levels: Uses, Practices, and Strategies. A Use of immersive learning was defined
as, “an actual learning activity, rather than its pedagogical-educational rationale, or
when that rationale is limited to an intent, without specifying the means to achieve it”
[4]. Thus, a Use is strictly operational, focusing on the activity that occurs or will occur,
void of any explicit pedagogical reasoning or justification. At a tactical level, Practices
are localized educational activities that have a pedagogical rationale [1], which may
emerge inductively from beliefs, traditions, actions, and choices of educators, or be
pragmatic operationalizations of overarching goals, philosophies, or plans. Here the
emphasis is on having a pedagogical rationale at a localized level, with limited impact
on the overall learning goals and activities over time. Finally, Strategies deal with the
strategic level, i.e., defined as rationales that go beyond localized activities. They are
the overarching goals, philosophies or plans that influence practices or emerge from
their structuring. Strategies range from holistic viewpoints to pragmatic patterns which
guide decisions and practices towards goals [1].

2.3 Immersion Cube

The Immersion Cube was originally conceived by Nilsson et al. [7] as a means for
organizing and visualizing immersion along three dimensions: System, narrative, and
challenge-based immersion. Subsequently, the cube was qualitatively operationalized
and used to identify gaps in uses of immersive learning environments [4]. The resulting
gaps pointed toward the need for:
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1. More immersive learning environments research on physical spaces with system im-
mersion.
2. Revisiting the use of traditional immersive environments like games, books, and tra-
ditional role-playing games.
. The creation of high-narrative, high-challenge, high-system environments.
4. More research on leveraging data collection, both by users and from users, and on
interactive exploration, both for the visible and the invisible.

w

Beck et al. [4] also suggested (but did not demonstrate) that the Immersion Cube could
be used to interpret current use cases of immersive learning, as well as to enrich and
innovate use cases.

2.4 Immersive Learning Brain

There are abundant lists of educational practices and strategies available in multiple
websites and publications. Although these lists can be beneficial to browse through, the
reader can become easily lost in the lists and unaware of relevant practices and strate-
gies they may wish to utilize in their situation. Absent from these resources was a
method for intuitively connecting educational practices and strategies to provide a bet-
ter way of navigating among these long alphabetical lists that are currently available on
many websites and publications. One solution to this problem was the creation of the
Immersive Learning Brain (ILB), a mapping of practices to strategies by Beck et al.
[1], which resulted in the Engagement and scaffolding, Real and virtual multimedia
learning, Active learning, Collaboration, Presence, and Traditional practices clusters of
connections. We called the visualization of these clusters the ILB because the layout
resembled that of a human brain. We then overlaid our map of practices and strategies
onto a traditional image of a brain to emphasize this metaphor. Beck et al. [1] also
suggested (but did not demonstrate) that the ILB could be used to interpret the practices
and strategies used in current cases of immersive learning, as well as to enrich and
innovate those cases.

2.5 Sample Case: Training of Wind Turbines Maintenance Procedures

In the following sections of this paper, we are presenting a method for interpreting im-
mersive learning cases using the two instruments presented above: the immersion cube
and the immersive learning brain. Those methods will then be exemplified by applying
them to a sample case. This subsection presents that case in brief.

This case was reported in the literature and is an immersive training environment for
a major wind turbine manufacturer [10], as shown in Fig. 1.

Cassola et al. [10] described the case as a short course in several stages. First, two
expert trainers selected the course content from a technical procedures’ manual (Fig. 1,
left), and recorded their own execution of the technical procedures in the immersive
environment (Fig. 1, center). Then there were independent training sessions with the
trainees using virtual reality headsets, with the following structure: a) a visual demon-
stration of the environment and its affordances; b) a free interaction period for
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adaptation; c) execution of the procedures by the trainees within the immersive envi-
ronment, using as references both the manual in-world (Fig. 1, left) and the prerecorded
trainer demonstrations, and then interacting directly with the three-dimensional models
(Fig. 1, center); d) a certification test, where participants executed the trained tasks upon
a physical wind turbine (Fig. 1, right).

Fig. 1. The sample immersive learning case described by Cassola et al. [10]: guidance (left),
demonstration and execution (center), certification (right). Pictures from the same source.

The execution of the procedures was done individually by the trainees, and the sys-
tem would only allow correct actions to be taken. Other than consulting the documen-
tation and watching the pre-recorded actions demonstrated by the expert trainers, no
coaching or other support took place.

3 Interpreting Cases with the Immersive Learning Brain

3.1  The Method to Interpret/Describe a Case

The Immersive Learning Brain [1] (as described in the background section) is made up
of six main clusters: Engagement and scaffolding, Real and virtual multimedia learning,
Active learning, Collaboration, Presence, and Traditional practices. These comprise 21
different practices and 45 strategies (66 items in total), linked together, each inductively
derived from the research literature with a definition, description, and example.

We used the Immersive Learning Brain as an interpretive and descriptive tool to tag
and annotate cases with specific practices and strategies, indicating if they were present.
However, given that we have 66 such tags, conducting this in a plain sequence would
be potentially overwhelming and clearly fastidious, and hence at high risk of becoming
incoherent. For instance, anyone tagging a specific case in this manner would risk mak-
ing different decisions depending on where they began in the list of practices and strat-
egies. Suppose one would start with the practices: 22 items later, when going through
the strategies, there could be the risk of neglecting judgments employed when consid-
ering the first practices. Even within the practices or the strategies themselves, similar
situations might arise.

Our response to this problem was to organize those 66 items into theoretical affinity
clusters. This allowed one to look at each cluster as a subset of practices and strategies

Preprint accepted for the Immersive Learning Research Network 2024 conference, Glasgow,
Scotland, UK, 1-7 July.



6 D. Beck and L. Morgado

that are related to one another. Thus, the similar concepts and concerns are regularly
involved, and the likelihood of inconsistent decisions will likely diminish.

The method we are proposing here is to select the cluster most related to a case first,
then the next most related cluster, etc., and only consider the practices and strategies
within one cluster at a time. This process will help to develop a list of proximal practices
and strategies which are associated with the case. Depending on the purpose for the
analysis, we may recommend going through all the clusters systematically, or stopping
after the most relevant clusters are analyzed (e.g., you want to decide what to look for,
not catalog every aspect). Thus, we developed the following step-by-step method to
interpret a case:

1. Develop a full description of your case. This description should include as much
information as possible about how immersive learning was employed and not just
outcomes.

2. Ask which ILB cluster seems the most relevant to your case. If, for example, the
case involves significant collaboration, then it would be likely to look first at the
Collaboration cluster for relevant practices and strategies.

3. Using the definitions from the Themes and Categories derived from the review of
Practices and Strategies found in Tables I & II of Beck et al. [1], compare each prac-
tice and strategy listed in the cluster to the case description and determine whether
it applies to the case.

4. Continue to the next most relevant cluster and repeat the process. This process
should result in the list of strategies and practices used in your case.

5. Finally, rewrite your initial case description, making sure that you provide enough
information to account for the presence of those strategies and practices in case you
neglected to provide that in the first draft.

This method should result in a well-described immersive learning case that focuses on
how immersive learning was employed, alongside a list of tags of its relevant practices
and strategies, for others to access and compare. This can then be used by researchers
to compare different cases, including their outcomes, or doing meta-analyses, using this
method to acknowledge similarities and differences between cases. It can also be used
by practitioners to identify examples for implementation in their instruction, in accord-
ance with their personal or institutional pedagogic choices. Both researchers and prac-
titioners can also use this method to decide on how to expand/extend a case to explore
new insights.

3.2 Applying the Method to the Sample Case

For Step 1, we are providing a short description of the case above, but the full descrip-
tion with details can be found in its original publication [10].

For Step 2, we asked which ILB clusters seemed the most relevant to our case. Given
that trainers and trainees in our case are quite active in the spatial context and are lev-
eraging their presence alongside turbines and their procedures, we found relevance to
our case in the Active Context and Presence clusters. We also find relevance in the Real
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and Virtual Multimedia Learning cluster because the case description mentions rich
visual content and physical interaction with machines.

Regarding the “Engagement and Scaffolding” cluster, at this level of analysis we
don’t see obvious engagement activities, and there is explicit mention that there is no
support or feedback, so we don’t find relevance for this cluster. Activities are done in
isolation, so we also did not see relevance in the Collaboration cluster, and there were
no lectures or typical instruction, so we also did not see relevance in the Traditional
Practices cluster. Of these 3 clusters with some relevance, the case clearly focuses on
meaningful actions in the context of their application, so we deemed Active Context to
be the foremost cluster of interest, and thus the one from which we would proceed with
this analysis.

For Step 3, we reflected on each of the practices and strategies listed under the Active
Context cluster, on Table IV of the ILB paper [1], using the definitions from Tables I
(practices) and II (strategies) of the same paper. We compared our case description to
each practice and strategy listed in the cluster and determined whether it applied to the
case. For example, we took the definition of the first item, Authentic Practice and As-
sessment (Table I, [1]), “Practices which aimed to make connections between real-
world problems, tasks, and outcomes, as well as assessments based on those practices”,
and asked ourselves if our case description clearly and specifically mentioned aspects
of this Practice. Our case focused on learning how to maintain a wind turbine, which is
a real-world problem, and then followed it up with a certification test where students
performed the same procedures in the physical world that they accomplished in VR, so
it clearly matched this Practice. Then we took the definition of the first listed strategy
on that cluster, Active Learning Theories: “Learning or educational theories related to
active learning. This included active learning theory proper.” The case involves stu-
dents actively interacting and completing technical procedures on a VR wind turbine,
with freedom to explore beforehand and later applying this to a physical turbine, so it
clearly matched this Strategy. We proceeded similarly with the remaining practices and
strategies in these clusters, not all of which matched. For instance, the second listed
practice (Table IV, [1]), Enriching student storytelling & roleplay, is defined as “Prac-
tices involving immersion to enrich student activities in storytelling and character
roleplaying” and it is not a match because our case does not involve student roleplaying
or storytelling, as we discuss later in section 4.2 regarding narrative aspects of this case.

By completing this process for the remaining practices and strategies of the Active
Context cluster, we attained this list of relevant practices and strategies:

Practices: Authentic practice and assessment, Exploration and experimentation of con-
cepts/processes
Strategies: Active learning theories, Authentic learning, Contextual theories

In Step 4, we continued to the next most relevant cluster and repeated the process.
For our case, this was the Presence cluster, and the process was identical to the one
described in the previous step, so it will not be provided in detail here. It resulted in the
following list of strategies and practices from our case:

Practices: Embodied Interactions
Strategies: Interactive visualization; Presence
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We also identified the Real and Virtual Multimedia Learning cluster as potentially
relevant to our case, and similarly went through its items, identifying the following:

Practices: Information visualization and inference; Learning design for multimodal in-
formation
Strategies: (none)

“Cassola et al. [1] described the case as a short course in several stages. First, two
expert trainers selected the course content from a technical procedures’ manual
(Fig. 1, left), and recorded their own execution of the technical procedures in the
immersive environment (Fig. 1, center), designing the activity to provide both as-
pects (Learning design for multimodal information). The content and procedures
reflected the context of an actual maintenance shop in which a physical wind turbine
would be worked on (Authentic learning, Contextual theories). Then there were in-
dependent training sessions with the trainees using virtual reality headsets, with the
following structure: a) a visual demonstration of the environment and its af-
fordances; b) a free interaction period for adaptation, where trainees were allowed
to explore and experiment (Exploration and experimentation of concepts/pro-
cesses), actively interpreting the VR model and environment in its context (Infor-
mation visualization and inference); c¢) execution of the procedures by the trainees
within the immersive environment, experimenting how to perform them on the tur-
bine (Active learning theories, Exploration and experimentation of concepts/pro-
cesses), using as references both the manual in-world (Fig. 1, left) and the prere-
corded trainer demonstrations, therefore an information-diverse experience (Learn-
ing design for multimodal information). After this, trainees interacted directly with
the three-dimensional models (Fig. 1, center), using their own hand movements,
and walking around (Embodied Interactions), present in this technology-based en-
vironment (Presence); d) a certification test, where participants executed the trained
tasks upon a physical wind turbine in a real-world environment (Authentic learning,
Authentic practice and assessment) (Fig. 1, right).

The execution of the procedures was done individually by the trainees (Active
Learning theories), and the system would only allow correct actions to be taken.
Other than consulting the documentation and watching the pre-recorded actions
demonstrated bv the expert trainers. no coaching or other sunoort took nlace.”

Fig. 2. The resulting case description, after applying step 5 of the process. Red text denotes edits,
blue text within parentheses are simply tags to explain the practices and strategies involved, it is
not part of the case description.

This process would continue with the Real and Virtual Multimedia Learning cluster
and all other clusters, until all clusters are analyzed, particularly if the goal of this in-
terpretation and description is for research purposes. For professional practice purposes,
however, it may be deemed sufficient to analyze only the clusters most immediately
relatable to the case. The full list of practices and strategies resulting from the process
would be a list of tags associated with the case.
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Finally for Step 5, we rewrote our initial case description from section 2.5, augment-
ing our initial text to account for the presence of the above listed strategies and prac-
tices. Figure 2 shows the outcome, we included the textual additions and edits as red
text and added tags for the Practices and Strategies in blue text (within parentheses) for
the reader’s reference - it isn’t needed for the actual case description.

4 Interpreting Cases with the Immersion Cube

4.1 The Method to Interpret/Describe a Case

The Immersion Cube (as described in the background section) structures the phenom-
enon of immersion along three conceptual dimensions: system, narrative, and agency.
The effort that produced the ILB of practices and strategies also analyzed the uses of
immersive learning environments, and placed them on that conceptual space, resulting
in six clusters of 16 different uses [4].

The Immersion Cube serves as an instrument to identify the non-pedagogical uses
of the case. Uses, as explained in the background section, differ from practices by being
plain statements of something that happens, without an explicit pedagogical rationale.
The pedagogical approaches were identified with the ILB (previous section). The
method we are proposing here follows the criterion used in the mapping effort, identi-
fying the level of dependence of the plain aspects of the case regarding each dimension
of immersion: system, narrative, and agency. Thus, we developed the following step-
by-step method to interpret a case with the Immersion Cube:

1. Develop a full description of your case that involves individuals feeling present
amidst its setting (system immersion); the story, diegetic space, and characters (nar-
rative immersion); and intervention possibilities (agency immersion). This descrip-
tion should focus on aspects that are deemed essential to reflect the nature of the
case.

2. Evaluate, considering the aspects identified in step 1, how much the case relies on
each immersion dimension (on a scale of 0 to 1, or 0% to 100%, 0 has no evidence
of that type of immersion, and 1 has evidence of being fully immersed in that kind
of immersion.

3. Map the case into the conceptual space of the Immersion Cube, by assigning the
coordinates established in step 2.

4. Identify which of the 16 known uses mapped in the cube are proximal to it, by meas-
uring the Euclidean distance to them in the cube.

5. Check if your case matches any of the proximal uses. If not, this process is complete.
But if so, rewrite your initial case description, making sure that you provide enough
information to account for the occurrence of those uses, in case you neglected to
provide that in the first draft.

This method should result in a well-described immersive learning case that focuses on
the Uses of immersive learning, alongside a list of tags of its relevant Uses for others
to access and compare. This can then be used by researchers to compare different cases,
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including their outcomes, or doing meta-analyses, using this method to acknowledge
similarities and differences between cases. It can also be used by practitioners to iden-
tify examples of Uses in their instruction, in accordance with their personal or institu-
tional pedagogical choices. Both researchers and practitioners can also use this method
to decide on how to expand/extend a case to explore new insights.

4.2  Applying the Method to the Sample Case

For Step 1, we provided a short description of the case above, and the full, detailed
description is available in its original publication [10]. Recall that the case is about a
training course for a major wind turbine manufacturer in a virtual reality environment.

For Step 2, let’s first consider how much it relies on system immersion. The entire
process requires feeling present in the virtual environment: to analyze the instructions,
to freely explore the virtual environment, to watch the recorded procedure in that envi-
ronment and to replicate it there. Feeling present is also required in the physical certi-
fication afterwards in the physical space with the wind turbine. So, we consider this
complete dependence on feeling present in the virtual environment for this dimension
of immersion as being equal to 1 (100%).
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Fig. 3. Placement of the case at coordinates (1,0.6,0.75) in the immersion cube conceptual space.
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Next, we consider narrative immersion. Narrative immersion involves the spatial,
temporal, and emotional aspects of the narrative. Spatially, we have the visual setting
providing the context of a maintenance shop and a wind turbine. From the description
of the activity, if only the turbine remained and the maintenance shop around it disap-
peared, the activity would remain the same, and likewise for the physical certification
part. Temporally, participants are required to follow an explicit sequence of actions in
the instructions sheet and experience them both in recorded demonstration and as one
proceeds to execute them. Also, the model of the wind turbine changes visually in re-
sponse to participants’ interactions with them. Emotionally, the instructions have ex-
plicit purpose and goals, which provides a plot of sorts. However, there are no other
indications of emotional narrative immersion aspects: there is no explicit narrative role
being played by the student or the expert trainers, nor an overall storyline under which
the procedure is serving a purpose or moving the plot forward, no interest in the out-
come beyond its correct execution. Thus, while there is some dependance of the spatial
and temporal aspects of the narrative, there is very limited dependance of the emotional
aspects, and we consider this as slightly above halfway on the scale: Narrative = 0.6
(60%).

Finally, we consider agency immersion. From the background, we need to consider
the strategic and tactical levels, i.e., aspects requiring or expecting participants to plan,
to have awareness of their possibilities to intervene, and the operational level, actual
expected interventions. At the strategic/tactical level, one only expects the trainees to
realize they can check the instructions, that they can explore the settings and their per-
spective, rather than standing still at their initial position (i.e., their “spawning loca-
tion”). Even trainers’ agency in this regard is extremely limited to selecting the next
procedure in order, and not other aspects of the educational activity. At the operational
level, there is almost complete dependence of actual interventions upon the environ-
ment by both trainers and trainees. So we consider this as highly dependent on agency
immersion, although not completely, due to the lack of strategic/tactical aspects:
Agency =0.75 (75%).

For Step 3, we simply place the case in the (system, narrative, agency) coordinates
(1,0.6,0.75), as shown in Fig. 3.

For Step 4, we measure the Euclidian distance between coordinates (1,0.6,0.75) for
this case, and the coordinates of the 16 known uses, as published by Beck et al. [4].
This is the straight-line distance between the case and the center of each ball in Fig. 5
of Beck et al. [4]. If one wants to be rigorous, it can be calculated using Equation 1,
where use; refers to each of those 16 uses (i going from 1 to 16).

Euclidean distance (case, use;) = \/(System s, — System))? + (Narrative qs, — Narrative,)? + (Agency.qs. — Agency;)? (1)

Applying this formula to all 16 uses, we get the results in Table 1, which shows that
there is clear proximity to uses in cluster 2, “Simulating”, and as the farthest uses “Emo-
tional and cultural experiences” and “Engagement”, with the remaining uses in be-
tween, as shown in Fig. 4. Given this distribution, we consider as proximal only those
two closest cases, since all others are clearly distant, from a visual analysis of the figure.
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Table 1. Euclidean distances from the case to the 16 uses of immersive learning environments.

Use Cluster of the Use Distance to Case
Logistics 2 - Simulating 0.15
Simulate the physical world 2 - Simulating 0.27
Interactive manipulation and exploration 3 - Exploring 0.65
Accessibility 6 - Accessing 0.76
Augmented context 5 - Experiencing 0.80
Data collection 3 - Exploring 0.82
Emphasis 1 - Complementing 0.83
Perspective switching 6 - Accessing 0.85
Complement/Combine contexts, media or items 1 - Complementing 0.86
Seeing the invisible 6 - Accessing 0.91
Multimodal interaction 1 - Complementing 0.96
Changing human behavior 5 - Experiencing 1.04
Collaboration 4 - Engaging 1.04
Skill training 4 - Engaging 1.04
Emotional and cultural experiences 5 - Experiencing 1.19
Engagement 4 — Engaging 1.19

Logistics

Simulate the physical world

Interactive manipulation and exploration
Accessibility

Augmented context

Data collection

Emphasis

Perspective switching

Complement/Combine contexts, media or...

Seeing the invisible

Multimodal interaction

Changing human behavior
Collaboration

Skill training

Emotional and cultural experiences

Engagement

Fig. 4. Euclidean distances between the case and the 16 uses of immersive environments in the
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conceptual space of immersion. The colors denote three distinct groups of distances.
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For Step 5, we compared the descriptions of those proximal Uses from Table 1 (Logis-
tics and Simulate the Physical World). From the list of definitions found in Table 3 of
Beck et al. [4], we see (p. 1057) that “The theme Logistics represents accounts of use
of immersive learning environments for learning activities to coordinate situations in-
volving multiple types of resources or their scarcity (time, equipment, personnel, fund-
ing).” In our case, both in our summary in section 2.5 and in its original source [10],
there is no mention of coordinating resources or their scarcity, just plain statements of
what was done. Therefore, there is no match to this use, and no need to change the
description.

The next proximal Use, Simulate the Physical World, focuses on “(...) use of immer-
sive environments for learning activities that imitate or mirror aspects of the physical
world. This includes spaces and processes, as well as specific concerns about the fidel-
ity of the environment or process being simulated.” In our case, in our summary in
section 2.5 there is no specific concern that the virtual reality wind turbine matches the
physical wind turbine, at least enough so that students can replicate the same procedures
for certification of training, and there are no statements in the case description about
the level of fidelity. However, this information is provided in its original source [10],
which refers that they used “CAD-based data for visual accuracy” and that the model
configuration would “limit the number of possible interaction alternatives for trainees
and likewise restrict the trainer’s available interactions for procedure demonstration”,
hence having very high fidelity visually but not entirely mirroring all possible pro-
cesses. So, in this step, we would edit the description in section 2.5 to clarify the con-
cern for environmental fidelity of the wind turbine and the limits on the mirroring of
processes.

5 Discussion

5.1 From Interpretation to Intervention

The completion of the method presented in the previous section, using the ILB and the
Immersion Cube, resulted in a structured description of a case, leading not only to the
clarification of its original description, but also to tagging in it the relevance of specific
practices and strategies, to its positioning in the conceptual space of immersion, and to
the identification of proximal uses. This set of information, which can be organized as
an “Immersive Learning Case Sheet” (we exemplify a layout in Fig. 5) constitutes a
common framework for researchers and practitioners to interpret cases, and thus sup-
porting their comparison and informed discussion.

Beyond interpreting and describing cases, this method’s output (the case sheet) also
serves as a starting point for researchers who wish to experiment with variations on
their cases and for practitioners who desire to try out new ways of implementing their
cases in the wild. Specifically, one can “enrich” the case, by considering aspects that
are closely related to it, and reflecting on whether there would be better alternatives or
additions to serve the overall goals of the case or induce other small-scale adaptations.
One could also “innovate” with the case, by considering seemingly unrelated aspects,
and reflecting on their potential to explore entirely different goals or approaches, thus
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supporting transformative educational activities using the case as a steppingstone. Both
enrichment and innovation interventions should account for the educational goals and
for the contextual constraints of the intended setting, content, and participants, using
learning design frameworks and guidelines, such as the criteria for use of immersive
learning environments previously published in iLRN proceedings [2]. Sections 5.2 and
5.3 below will detail how we envision these methods with our sample case.

Immersive Learning Case Sheet

Case: Training of maintenance procedures in Cassola et al.

Description

“Cassola et al. [1] described the case as a short course in several stages. First, two expert trainers selected
the course content from a technical procedures manual __* [remainder of the description from Fig. 2]

ey '-.‘ ¥
el %
Practices Tags ‘ Strategies Tags
Active Context Cluster
Authentic practice and assessment, Exploration Active learming theories, Authentic learning,
and experimentation of concepts/processes Contextual theories
(other clusters)
Proximal uses Coordinates on Immersion Cube
0 0.2 04 05 08 12 14

Logistics -
Simulate the physicalworld  EE—

nteractive manipulation and exploration

Skill training

Emoticnal and cultural e

Engagement

ss{ 1 [N [06] c[075]

Fig. 5. Sample layout of the Immersive Learning Case Sheet
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5.2 Enrich/Innovate a Case with the Immersive Learning Brain

Using the ILB to enrich a case, one examines a cluster where that case is already active
and considers applying other strategies & practices in that cluster either alongside cur-
rent ones, or instead of them. To innovate in that case (also in the sense of section 5.1),
one considers a different cluster, where the case is not currently active or barely so.

As an example, we considered the Active Context cluster, where our case was fore-
most active and applied other strategies and practices in that cluster. For example, we
considered the Affer-action review strategy, which refers to reviewing the practices that
were applied, to reflect upon them, learn and then improve upon them. An After-action
review strategy could be helpful for trainees in our case to develop insights on their
performance and the overall procedures and might be readily implemented by providing
them with something that is already described in the case. The case reports that trainer
actions can be viewed by the trainees, so clearly the system can record actions. Hence,
it would be a simple matter of creating a step in the educational activity where trainees
would review the recording of their own actions and subsequently reflect upon them.

Additionally, we considered implementing the Practice of Enriching student story-
telling & roleplay, from that same cluster. It may be helpful for students to place them-
selves in a role in which they face the need to apply the actual procedure in which they
have received training, better realizing the purpose of their actions. This could be read-
ily introduced in the case by including a preliminary narrative to situate them in the
proper context and role upon initiating the procedure, and possibly a concluding narra-
tive leading to possible consequences of their maintenance of the turbine. Cut scenes
could also be included at significant points to show progress and reward success.

To innovate in our case, we considered using a different cluster, where our case was
not currently active. In this instance, we considered applying the Collaboration cluster,
and looked upon the Collaborative learning Strategy, which prompted us to include the
goal of “developing ‘joint intellectual effort’ (...) involving students, teachers, or other
participants.” This involved significant adaptations, since the current case was planned
for individual execution by each trainee, and the expert trainers were involved only in
the learning design and content recording. Thus, it involved different scheduling of
people involved, more hardware (multiple headsets, while now a single headset suf-
fices), software changes (because the software may not have multi-user affordances)
and a replanning of the learning activity to include collaboration, discussion, and de-
bate. This said, these are not insurmountable hurdles and rather unveil enticing new
educational possibilities based upon the current scenario.

5.3 Enrich/Innovate a Case with the Immersion Cube

Using the Immersion Cube to enrich a case, one would examine the proximal uses of
that case, and consider including them either alongside what is already occurring in the
case, or instead of it. To innovate in that case, one would consider more distant uses,
possibly even the most distant ones. Conversely, one could also innovate by imagining
what the current case might look like if its position in the cube changed, i.e., if it were
to rely more (or less) on each dimension of immersion.
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Using the Immersion Cube to enrich our case involved identifying its position on
that conceptual space and finding out which uses were the closest to it. In our case, as
shown in Section 4.2, we realized the top two uses were much closer than any others
(Table 1 & Figure 4). These were Logistics and Simulate the Physical World. We then
looked up their definitions in Table 3 of Beck et al. [4]. For example, Logistics, “rep-
resents accounts of use of immersive learning environments for learning activities to
coordinate situations involving multiple types of resources or their scarcity (time,
equipment, personnel, funding)” (p. 1057). Although resource coordination or scarcity
are not mentioned in the case description, one can readily imagine that demonstrating
and practicing technical interventions on a wind turbine, involving physical space, ma-
terials, and tools, as well as human experts to account for safety, are multiple types of
resources. Of course, some of these are not always available on demand or the needed
equipment is not available for every student. Thus, the addition of this use to our case
could be implemented readily and help provide anytime, anywhere access to scarce
resources as well as multiple opportunities to interact with expert training that are not
always available in the physical world. This would also make the case helpful for ad-
ministrators responsible for the allocation and coordination of scarce resources.

We also used the Immersion Cube to innovate in our case. This involved considering
if more distant uses were adequate for one’s goals and resources. For instance, one of
the most distant was Emotional and cultural experiences, whose definition focuses on,
“... learning activities where non-physical concepts are experienced within context.
This includes social, societal and historical situations, but also metacognitive awareness
such as one's emotional responses or dangerous situations.” One might consider this to
enable trainees to experience undesirable outcomes resulting from maintenance mal-
practice, including from seemingly irrelevant (but crucial) practices, or to realize how
not following due procedures may result in physical harm or even fatality. E.g., one
could imagine our case implemented with feedback, reporting that electrocution or me-
chanical failure would occur. That feedback could even be haptic, resulting in an un-
pleasant tactile sensation or a narrative cutscene, such as a disciplinary meeting with a
supervisor. Applying such a use would require significant investment in transforming
the case, both to enable new technical features and content, and to reorganize the learn-
ing design to account for it. However, just as in the innovative examples using the ILB,
it is not an unreasonable goal, and opens avenues for transformational use of this case.

Finally, we innovated the case using the Immersion Cube by keeping its Uses as they
are, but varying its levels of reliance on system, narrative, or agency immersion, for
experimental and practical effect. If we wanted to increase the amount of agency in our
case (currently, at 75%) we might permit students to execute the maintenance proce-
dures on the wind turbine using their own sequence, or different tools, or even to in-
clude unplanned actions. This could open opportunities to identify hidden misinterpre-
tations or misconceptions of students, and hence address them during after-action re-
view or evaluation. As another example, if we considered less system immersion, we
might consider an augmented reality smartphone application that provides the wind
turbine model and access to its intervention from the technical manual page, but not in
the context of the virtual space of a maintenance shop. Since this would occur without
headsets, it might enable physical collaboration between peers or with the trainer. In
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both examples, these considerations provide reasonable avenues for alternative learning
approaches from this case, albeit requiring significant effort or changes to the technical
and human resources or learning design.

6 Limitations

A significant limitation of the utilization of the ILB and Immersion Cube as interpretive
and descriptive tools, and then as a starting point to enriching and innovating cases, is
that the approach relies on two frameworks which have not been extensively vetted by
the community. Hence the output of this method (Immersive Learning Case Sheets)
may need to be revised if those frameworks change. Additionally, we have not estab-
lished strict criteria for judgment calls at each step, so different researchers may classify
the same case in different ways, and thus the method here needs to be empirically de-
veloped and more solidly grounded in its components. Further, we have not subjected
this method to extensive application by third parties, to evaluate its feasibility to differ-
ent usage profiles, or aspects which require further clarification, particularly given that
judging for applicability of specific strategies and practices may demand significant
knowledge of a diverse array of educational science concepts and theory. Additionally,
there is a need to allow this method to compare uses, practices and strategies in the
diverse academic subject areas and applications of the field of immersive learning.

7 Conclusions

We have presented a method for interpreting and describing immersive learning cases
and demonstrated it with a specific case, showing its feasibility. The interpretation/de-
scription achieved, provided as a structured format that we named Immersive Learning
Case Sheet, opens the possibility of comparing or contrasting immersive learning cases
and thus the enticing ambition of having more solid research results on outcomes of
immersive learning approaches. It is anticipated that this method can be used within the
field of immersive learning to bolster the strength of future meta-analyses by consider-
ing multiple cases with common tags of Uses, Practices, and Strategies. Conversely,
this may also enable researchers to be more aware of differences between cases and
acknowledge them. Finally, the Immersive Learning Case Sheet enabled us to discuss
potential avenues for intervention upon cases, and in doing so constitutes a new tool for
learning design and educational planning of immersive learning.

A final thought is given to the wide range of scientific disciplines that seek to employ
and research immersive learning, each with their diverse epistemological and ontolog-
ical frameworks and viewpoints. As shown recently, the community of research and
practice in Immersive Learning sees its definitions, concepts, and methods as being
fragmented and needing consistency, and support the idea of the creation of a common
conceptual framework, common methods, and other research instruments [5]. The Im-
mersive Learning Research Network has authored the Immersive Learning Knowledge
Tree, a systematization effort focused on the integration of both scholarly and practical
knowledge, for the purpose of cultivating a robust and ever-growing knowledge base
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and methodological toolbox for immersive learning and promoting evidence-informed
practice and guiding future research in the field, and the ILB and Immersion Cube were
presented as part of it in iLRN 2023. We hope that this method based on those instru-
ments, as presented in this paper will help further this effort.
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