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Immersive Virtual Reality (iVR) applications have shown immense potential for skill train-
ing and learning in manufacturing. However, authoring of such applications requires
technical expertise, which makes it difficult for educators to author instructions targeted
at desired learning outcomes. We present FlowTrainer, an LLM-assisted interactive system
to allow educators to author lesson plans for their iVR instruction based on desired goals.
The authoring workflow is supported by Backward design to align the planned lesson
based on the desired outcomes. We implemented a welding use case and conducted a user
study with welding experts to test the effectiveness of the system in authoring outcome-
oriented lesson plans. The study results showed that the system allowed users to plan
lesson plans based on desired outcomes while reducing the time and technical expertise
required for the authoring process. We believe that such efforts can allow widespread
adoption of iVR solutions in manufacturing training to meet the workforce demands in the
industry.
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1 Introduction

The U.S. manufacturing sector is facing a shortage of skilled
workforce due to demographic shifts with an aging and retiring
workforce and global shifts due to increased supply chain resilience
[1-3]. These shifts call for the need to prepare students for a glob-
ally competitive environment. To meet these demands, training
efforts must equip future professionals with both conventional and
digital manufacturing skills [2,4]. Immersive Virtual Reality (iVR)
technology presents promising potential to enhance such efforts by
providing immersive and interactive learning experiences without
geographic constraints and at reduced cost, instructor time, and
effort [5]. Despite these benefits, the adoption of VR in manufac-
turing education is limited, which is partly due to the challenges
faced by subject matter experts and educators to create content for
training purposes [6—10]. This research provides an interactive sys-
tem to reduce the barriers to authoring iVR content with an aim to
facilitate iVR adoption for widespread skill training and learning.

Owing to the heavy dependence of technical modeling and pro-
gramming expertise required for iVR content creation [11,12],
manufacturing educators typically collaborate with VR develop-
ers to author relevant content for their courses [11,13,14]. This
collaboration, which typically happens on a contractual basis over
a stipulated period, results in a packaged product at the end of the
development cycle, with minimal room for variability in the final
instruction design. Any demand for design modifications typically
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requires version change for the entire application, thereby limit-
ing the scalability of instructions based on training requirements
[15]. Moreover, this causes the subject matter experts (SMEs) to
compromise with and plan the training programs around the rigid
situation. To ensure that the iVR-based learning content is effec-
tive for achieving the desired goals, it is important that the content
is tailored to the specific needs of different user groups and learn-
ing environments. Therefore, there is a need to propose workflows
that empower SMEs with control over iVR instruction planning,
catering to the varying needs of learners and the learning process.

Prior studies have provided workflows to author iVR content
for skill training and learning. However, these works have ei-
ther lacked focus on the reuse of content for varied requirements
[16-21] or highlighted the reuse aspect of authoring at an inter-
action level rather than learning level [22,23]. The latter, while
still useful, faces limitation to be used in educational context as
they focus more on the technical aspects of the system design [13].
In contrast, our research provides an interactive workflow to au-
thoring lesson plans for iVR-based instruction while still grounded
in the pedagogical theories. In particular, the workflow utilizes
the principles of Backward design which first identifies the de-
sired learning outcomes and objectives, and then aligns the skills,
assessment criteria and learning activities based on the intended
learning outcomes [24,25].

We present FlowTrainer, an interactive workflow to enable au-
thoring of lesson plans targeted towards desired learning outcomes.
For example, in a welding training context, a desired learning out-
come may be that learners are able to perform Tee-joint welding
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safely and accurately.

Using our workflow, SMEs can first author lesson plans using
a web-based editor, and subsequently test the lesson plan in VR
and iterate till the target lesson plan is achieved. The web-based
editor provides a LLM (Large Language Model)-supported user
interface where the user inputs can be guided interactively to gen-
erate a lesson plan by following a Backwards design approach.
The process starts with defining the learning outcomes and then
defining measurable objectives, skills and assessment criteria, and
finally identifying the lesson plan in the form of a sequence of
learning activities. In our work, the learning activities that act as
the building blocks for the lesson plan are developed by the VR
developers and stored in a library for educators to use based on the
course requirements. These learning activities are categorized un-
der the four instructional phases of =(A>3D2(8>=, %A4B4=(0(8>=,
%A020824, and ??;82008>=. These instruction phases provide a
concrete framework for planning learning units [26-29] and, when
combined together, present a scalable framework which can be uti-
lized to design a single lesson or a series of lessons, based on the
target requirements of the training process.

Using a welding use-case and based on our prior learning ra-
tionale extracted using Backward design [30], a comparative user
study was conducted with 8 experienced welders to test the us-
ability and effectiveness of the system components to design the
instructional flow for iVR-based learning units as compared to a
baseline condition. The baseline condition is the preceding version
of the current system which utilizes a similar workflow, but does
not provide interaction capabilities to the user [30]. From the user
study, we aimed to answer the following research question.

e To what extent does the system support SMEs in authoring
and adapting training scenarios based on varied learning ob-
jectives as compared to the baseline condition?

The user study results indicated that the current system enables
SMEs to flexibly author training scenarios with ease and low men-
tal workload under increasing complexity. Comparative analysis
from survey results shows higher usability, lower cognitive work-
load and reduced time of authoring in using the current system
as compared to the baseline condition. User feedback supported
these findings by emphasizing the intuitive design, automatic task
generation, and reduced effort in lesson creation. These charac-
teristics make the current system suited for designing iVR training
scenarios that must adapt to varied learning objectives, and thus
positioning it as a scalable and cognitively accessible authoring
tool for SMEs.
Thus, the contribution of our work are as follows:

* the system workflow design that enables SMEs to facilitate
pedagogically driven planning of iVR-based learning units
the Backward design approach [24,25], and

* the demonstration of the workflow design using a welding use
case along with the evaluation and results from a comparative
user study conducted with 8 experienced welders as compared
to a baseline condition.

The article’s structure is outlined as follows: In Section 2, rele-
vant literature is presented. Section 3 introduces key terminology
to facilitate comprehension of the work. The design rationale is
then detailed in Section 4. Section 5 provides specific insights into
the implementation details. The user study procedure is presented
in Section 5 with the results described in subsection 5.3. In Section
6, the study results are discussed in greater detail. Finally, Section
7 presents the conclusion of the work.

2 Related Work

2.1 iVR authoring in Education. Authoring tools can ad-
dress some challenges in developing iVR training applications by
making content creation faster and more efficient [12,31]. How-
ever, designing training scenarios remains difficult due to low code
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reuse and the need for advanced programming skills. Content
reuse can reduce effort by avoiding redundant asset development
[22,23]. Only a few tools support asset reuse/import, enabling
designers to build customized experiences, but most rely on high-
level componentization that emphasizes technical complexity [13].
This often requires engineers with technical expertise and thus lim-
its SMEs’ ability to prepare VR training. Machine learning-based
approaches have also been explored, such as Kumar et al.’s cur-
riculum generation for medical students using deep learning and
hybrid recommendation systems [32]. While accurate, these auto-
mated methods exclude SME input, reducing their applicability to
training contexts.

User-friendly content authoring tools are crucial for SMEs to de-
sign VR training scenarios that leverage their domain knowledge.
Such tools reduce development time and effort, thereby promoting
wider adoption of VR in training [13]. Several approaches high-
light this potential. Zikas et al. demonstrated how innovative plat-
forms enable users with limited programming expertise to design
virtual environments [33]. Cassola et al. developed methods for
creating semantic VR scenarios without requiring advanced pro-
gramming or 3D modeling skills [14]. These approaches empower
trainers and trainees to build diverse immersive learning scenarios,
including certification contexts. Other solutions emphasize usabil-
ity through intuitive interfaces and immersive authoring. Coelho
et al. proposed collaborative authoring tools that provide real-
time feedback, reducing iterations and accelerating development
[34,35]. Wolfartsberger and Niedermayr introduced an immersive
platform allowing trainers to specify elements, facilitate practice,
and assess trainee performance [36]. Similarly, VR4Health enables
teachers to monitor learning progress, collect motivational data,
and provide targeted feedback [37]. Cassola et al. also introduced
a framework for SMEs to author procedural sequences, expanding
the availability of reusable training components [38]. Lécuyer et
al. simplified scenario creation by recording expert actions in VR
and transforming them into reusable sequences [39]. In terms of
3D content modeling, Walczak et al. applied domain knowledge
representation and semantic web techniques to standardize con-
tent meaning [13,40]. However, most of these tools were designed
as stand-alone applications for specific domains, often neglecting
pedagogical integration into the development cycle of iVR learning
applications. This limitation has restricted their broader adoption
in educational and training settings.

Unlike iVR applications in gaming and entertainment, effec-
tive use in professional training requires integrating expertise from
multiple domains to design pedagogically sound scenarios [41,42].
Mahdi et al. propose a stepwise process involving teachers ar-
ticulating needs, adapting environments, operationalizing scenar-
ios, and conducting simulations. This is supported by a custom-
built tool whose limited features restrict adoption [42]. Saunier
et al. advocate role separation in scenario creation, distinguishing
designers, job experts, educational specialists, and teachers [43].
Pedagogical perspectives further reinforce the potential of VR in
training. Kavanagh et al. emphasize constructivist pedagogy and
gamification in VR learning design [44]. Keskitalo highlights the
value of simulation in education and training [45]. Kemanji et
al. argue for dedicated pedagogical models tailored to VR [15].
Building on these insights, our method introduces a workflow de-
sign guided by pedagogical models, employing user-friendly com-
ponents that allow SMEs to plan instructional content across varied
training needs and address challenges in adopting VR technology
in education.

2.2 LLM-based lesson plan authoring in Education. LLMs
are increasingly used to support lesson planning and instructional
design. LessonPlanner helps novice teachers create pedagogy-
aligned plans using Gagné’s Nine Events, improving quality and
reducing workload [46]. Hu et al. guide LLMs to simulate teacher-
student interactions and generate reflective feedback to iteratively
enhance high school math plans [47]. GPT-4 has demonstrated
strong capabilities in setting objectives and organizing instruc-
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tional content, though limitations remain in geometry and inter-
disciplinary modules [48]. Zheng et al. introduced a three-stage
process using Retrieval-Augmented Generation and self-critique
prompting to generate high-quality lesson plans across elementary
math topics [49]. GenAl tools with interactive mega-prompts en-
able tailored lesson plans based on classroom demographics and
learning goals, leading to improved inclusivity and time savings
[50]. Additionally, agent-based approaches have improved align-
ment between generated content and instructional frameworks like
Gagné’s [51]. Our work builds on these approaches by introduc-
ing FlowTrainer, which extends LLM-based lesson planning to
immersive VR-based manufacturing training, supporting outcome-
aligned instruction in technical domains.

3 Clarification of Terms

The following definitions will aid in the understanding of termi-
nology used in this research work.

* Learning outcomes indicate the relevant objectives (e.g., es-
tablished goals, desired understandings) that will be addressed
by the system. These will be useful in determining what stu-
dents will know (e.g., what critical knowledge and skills will
be acquired) and what students will be able to do as a result
of the knowledge and skill acquisition [52]. For example, a
learning outcome in the welding use case may be that learn-
ers are able to safely perform Tee-joint welding using a MIG
welding process.

Learning objectives are goals that target specific knowledge,
skills, and dispositions taught in specific sections of a module
[53]. For example, a learning objective may be to identify the
components of a MIG welding machine or demonstrate the
correct setup procedure for a Tee-joint welding task.

Learning plan is a description of how to design the learning
experience and instructions to achieve the desired outcomes
in learning [53]. For example, a learning plan may include
an introduction to welding safety, a demonstration of weld-
ing equipment, guided welding practice, and a final welding
assessment task.

Learning activity can be defined as a specific interaction of
learner(s) using specific tools and resources, orientated to-
wards specific outcomes [54]. For example, a learning ac-
tivity may involve watching an avatar demonstration of Tee-
joint welding, identifying personal protective equipment, or
performing a virtual welding exercise.

Learning module or unit is an organized collection of teach-
ing materials consisting of behavioral objectives, a sequence
of learning activities, and provisions for evaluation [55]. For
example, a welding training module may include learning ob-
jectives, instructional videos, hands-on virtual welding activ-
ities, and performance assessments related to MIG welding.

4 Design Rationale

The process of instruction planning typically involves break-
ing down learning units or modules into segments of learning ac-
tivities that revolve around relevant theories, concepts, or skills.
Our proposed system for lesson planning of iVR-based instruction
is based on the Backward design principles to effectively design
outcome-oriented content [24,25]. According to the Backward de-
sign model, the process begins with identifying the learning out-
comes, and then subsequently working “backwards” to identify the
learning objectives to achieve the desired goals. The next step is
to identify the skills required to achieve the outcomes and objec-
tives, and appropriate assessment strategies to measure the skills
during the various learning stages. The final step is designing the
learning activities required to meet the goal. Our system follows a
similar approach to guide instructors to interactively provide these
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parameters to come up with the required lesson plan which is the
sequence of learning activities.

The planning of a learning unit is further guided by the stan-
dardized instructional framework that groups learning activities
into the four instructional phases of Introduction, Presentation,
Practice, and Application. This instructional framework is com-
mon across various instructional design models and outlines the
entire process of designing a learning experience, from audience
analysis to implementation and revision [26-29]. Furthermore, this
instruction framework revolves around the learning outcomes, and
prioritizes learner assessment and feedback throughout the pro-
cess. Therefore, this can be easily integrated with the Backwards
design framing of the curriculum [26]. We now briefly explain
the four instructional phases utilized in the instruction planning
process while providing examples of learning activities associated
with each [56].

e Introduction: This phase serves as the introduction to the
topic. Some guiding principles for designing learning activ-
ities are: (1) enable students to remember prior experiences
they can build on, (2) set expectations by sharing learning
outcomes, and (3) provide necessary hook to arouse emotions
and feelings in learners to facilitate better learning and reten-
tion. Examples include stories, videos, readings, diagnostic
quizzes, etc.

* Presentation: This phase guides students to engage with the
content needed to achieve the learning objective. Some guid-
ing principles for designing learning activities are: (1) de-
termine what content is need-to-know vs. nice-to-know for
achieving the objectives, (2) involve learners in actively learn-
ing the content within the situated learning context, and (3)
make the content accessible and immersive for the learners.
Examples include guided video tutorials, avatar demonstra-
tions, narrations, and readings.

* Practice: This phase enables students to perform practice
activities targeting understanding of the specific content and
performance of skills. Some guiding principles for designing
learning activities are: (1) model and scaffold skills using
necessary cues and prompts, (2) provide support mechanisms
in terms of cues, hints and prompts, and (3) associate built-in
evaluation and feedback. Examples include quizzes, Q&A
practice, and hands-on practical assignments.

* Application: This phase allows students to apply new con-
tent and skills to authentic situations and integrating this with
previous knowledge. Some guiding principles for designing
learning activities are: (1) mimic real-world tasks in the field,
(2) provide students opportunities to draw from their own
diverse backgrounds and experiences, (3) associate built-in
evaluation and feedback. Examples can include application
tasks specific to the discipline.

Therefore, the design of learning units involves selecting appro-
priate activities from each instructional phase, taking into account
the necessary support and practice learners will need to grasp a
particular concept and achieve the associated learning outcome.

4.1 System Design and Implementation. The system work-
flow design for planning iVR-based learning units comprises of
three stages: (A) Developing a library of learning activities, (B)
designing the instructional flow using a web-based editor, and (C)
testing and verifying the instruction sequence of the learning ac-
tivities. Before going into the details of each stage, we would
like to mention that the current system is built on our previous
work [30]. The current system differs from the previous stage, par-
ticularly in Stage B where the web-based editor is provided with
LLM-supported interactive capabilities with an aim to make the
lesson planning easier for the user. The interaction is guided by
following the principles of Backward design and thus aligns the
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learning units based on the target learning outcomes. Neverthised capabilities that can update the di erent parameters of the
less, we would still go through the di erent stages to provide @lanning process based on the user's inputs and in a hierarchical
comprehensive understanding to the user. manner. For example, updating the learning objectives updates the
Developing a library of learning activities: The rst step in- following parameters in the hierarchy, i.e., skills, assessment and
volves SMEs and VR developers collaboratively framing learningarning activities. After the sequence of learning activities gets
activities by designing backward from the overarching learning ougenerated, the user can generate the lesson graph that renders the
comes. VR developers then implement these activities while sasequence on the graph-editor on the right. Users can iterate upon
ing JSON con guration les that capture their properties. Theséhe lesson plan using the functionalities of the graph-based editor
les allow SMEs to later review and modify parameters, enablingll the target requirements are achieved.
personalization of training scenarios. The idea behind the prompting guidance is illustrated in details
To validate our approach, a library of 27 reusable learning actiin Figure 3. The gure represents the structured logic used to
ities was developed for the welding use case. The activities were drive the LLM-assistive lesson-plan authoring interface. It shows
ganized under the four instructional phases of Introduction, Presdrew each stage of the planning process, i.e., learning outcomes,
tation, Practice, and Application, and collectively covered four inebjectives, skills, and assessment criteria, is hierarchically linked
structional topics: (1) MIG welding safety, (2) welding equipmentso that updates at one level cascade to the others. Each list (objec-
(3) welding wire-change maintenance, and (4) Tee-joint weldingives, skills, or criteria containing three items by default) is explic-
For example, learners may rst be introduced to Tee-joint weldingly aligned with the level above it: criteria skills objectives
and welding safety concepts, followed by instructional demonstrasutcomes. This structured prompting ensures coherence and
tions of welding equipment and welding procedures. Learners theadagogical consistency in the model's outputs by embedding the
engage in practice activities such as identifying personal protectipeinciples of Backward Design into the LLM work ow. Such hier-
equipment and performing guided virtual welding exercises befoegchical prompting schema helps the model generate measurable,
completing authentic application tasks such as Tee-joint weldiritcome-aligned components of a lesson plan in a transparent and
and welding wire-change maintenance. iterative way. This process enables instructors or subject-matter ex-
Examples of activities included intro_mig_safety (introductiomerts to build and re ne instructional plans with reduced cognitive
to welding safety concepts), presentation_mig_safety (video-badedd and maximum alignment to desired learning outcomes.
instruction on workplace safety and personal protective equip- Testing and verifying the instruction sequence of the learning
ment), practice_ppe (identi cation of personal protective equipactivities: Once the scenario ow is designed, SMEs can save the
ment), practice_virtual_welding (guided Tee-joint welding praceorresponding JSON le in a designated path. When launched,
tice), and application_tee_joint (authentic welding task perforthe Unity front end reads this le to dynamically generate buttons
mance on a truck tailgate). A few examples of the learning atabeled with the node names on the instruction screen. A Depth
tivities are shown in Table 1. First Search (DFS) algorithm determines the sequence in which the
The activity design was informed by our prior work with SMEs learning activities appear. SMEs may either follow the activities in
where we applied Backward Design principles from learning scorder or jump directly to a speci ¢ activity by selecting its button.
ences to ensure learners could achieve the intended outcomes [Bffer reviewing the sequence, they can return to the editor to revise
These activities served as reusable building blocks that could thee lesson plan until the scenario design is nalized.
selected, reordered, and connected by subject matter experts to con-
struct training scenarios aligned with desired learning outcomses.
An example lesson plan generated using these activities is sh(?\%n User Study
in Figure 2, illustrating how individual activities can be combined 5.1 Study Setup. The study was conducted with 8 partic-
into a complete instructional sequence. ipants (1 female, 7 male)(Age Range (number of users)=25-34
Designing the instructional ow using a graph-based ow edi- (8)) with prior welding experience who were recruited by word of
tor: To create the sequence of the learning activities catering to theouth, email and yer distribution. All users had prior experience
needs of training, we developed a web-based ow editor as showyith welding. 7 users had received prior training experience (infor-
in Figure 1. The web-editor comprises of two parts: (A) the inmal or formal) in welding. Six users were novices in development
teractive user interface on the left section and (B) the graph-badiedi VR applications, two users rated themselves as intermediate in
editor on the right section. An example implementation is showgieveloping VR content. Five users had prior teaching experience,
in Figure 2. from which four of them designed curricula or learning instruc-
In the web-based editor, nodes represent learning activities frdiains. Each user study was divided into three sessions where the
the library, which can be placed on the interface by selecting tfiask was to build six training scenarios, two per session using two
desired activities. SMEs may add any number of nodes to cosystems SystemA and SystemB. SystemA is the graph-based edi-
struct their training scenarios, connecting them with directed edgig without the interactive capabilities and is used as the baseline
to de ne the instructional ow. A resource library tab organizescondition. SystemB is the FlowTrainer system with LLM-based
available materials into four categories: Introduction, Presentatioggapabilities. Each user was asked to plan the scenarios for three
Practice, and Application. The interface also includes a Controlevels of task complexities in order using both systems. The three
button with detailed usage instructions, along with Upload, Delelevels of task complexity were targeted towards gradually varying
and Download options for managing entire lesson plans. Usdgairning objectives. During this three-session study, the usability
may also delete individual nodes or edges directly. Selectinga@d mental workload of SystemB was evaluated while examining
node and pressing the "Y' key opens a dialog box showing tH®w the varying levels of task complexity a ected the task per-
node details, including editable properties. These properties alld@mance and exible authoring of lesson plans. Furthermore, the
SMEs to personalize activities by con guring: (1) Timing: (dura+esults were also compared with the baseline condition SystemA
tion of the activity), (2) Message: (short description or learningo gain insights on the perceived user preferences. The study was
objective shown to the learner), and (3) Hint: (whether to disapproved under the IRB protocols.
play audio/visual cues). Nodes are color-coded by category for
clarity, and built-in prompts check for issues such as multiple in- 5.2 Study Procedure. Users were rst required to sign the
coming/outgoing edges or con icting sequences. consent forms and then proceeded to complete a short demograph-
The user interface on the left guides users to interactively pras survey. User demographics was collected about any prior ex-
vide their requirements for the lesson plans. The process staptrience with welding, VR, VR development, curriculum or in-
with providing the learning outcomes, then de ning the objecstruction design, and teaching. Next, users were provided with the
tives, skills, assessment criteria and nally the learning activitiebasic information in the form of a Word document and a Power-
to achieve the outcomes. The interface is supported by LLMRoint presentation explaining the overall theme of the study. The
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Fig.1 System Features of FlowTrainer: The left section of the Ul presents an interface that assists user to generate a lesson
plan by following the di erent stages of Backward Design. (a) The user can enter the learning outcomes, with features for
(b) Edit, (c) Undo, and (d) Delete. The system generates (e) three learning objectives, (i) three skills and (n) three assessment
criteria to measure the skills. Based on these a set of (p) learning activities are generated by the system. Local Edit, Undo and
Delete features are used for individual objectives, skills or criteria (e.g. as shown in (j), (k), and (I)) where as there are global
features such as add, delete and update objectives, skills and assessment criteria. The update of the hierarchical items
happen in an hierarchical way, i.e., updating objectives have precedence over skills update however has lower precedence
over updating outcomes. The learning activities can also be manually updated using (q) by adding or deleting learning
activities. Collapsible buttons such as (m) and scroll bar such as (0) help in accessing the Ul content. The lesson graph gets
generated by using the button Generate Lesson graph which renders the lesson plan (graph sequence) on the web editor in
the right section of the Ul as shown in (y). The web editor has functionalities to edit the lesson graph using the resources
from the library tab which can be opened by the Library button as shown in r. The user can click on any learning activities
to bring the nodes to the web editor as required and create connections to add appropriately to the sequence. The user
can save, delete or upload lesson plans using the buttons (s), (t), and (u) respectively. The details about the instructions on
how to use the interface can be found in the modal instruction box which is accessed using the (w). Some de nitions of the
terminologies can be accessed using the modal instruction box (x). The button (v) at the top of the editor switches the mode
between Demo and Welding for the user study.
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