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Virtual Reality

Virtual reality (VR) is a powerful medium for
delivering authentic learning experiences, yet
widely agreed-upon best practices for VR learning
design have yet to be established. This position
paper proposes the application of learning
engineering approaches for designing of authentic
VR learning experiences and investigating best
practices. Learning engineering is understood as
the intersection of the learning sciences with
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human-centered engineering design, driven by
data-informed decisions. Practitioners can
leverage learning engineering approaches to
investigate and identify effective VR learning
design strategies in a data-driven effort to
establish and scale best practices for the creation
of authentic immersive learning experiences.

Introduction

Virtual reality (VR) is an increasingly popular medium for delivering authentic learning
experiences, but widely adopted frameworks and an established set of agreed-upon best
practices for immersive learning experience design have yet to be defined (LaRocco, 2020;
Wang et al., 2021). Thus, it is up to individual creators and teams to experiment, investigate,
and formulate approaches and frameworks to create a set of best practices and standards
which foster authentic learning and promote learning outcomes. Learning engineering
provides a viable approach to address the lack of commonly accepted VR learning design
practices for two reasons:

1. Learning engineering provides a set of evidence-based principles and practices
(Goodell, Kolodner, et al., 2022) from which VR learning designers can draw to create
authentic, immersive learning solutions.

2. Learning engineering emphasizes investigating and validating effective and novel
learning design methodologies which are scalable and replicable (Goodell & Kolodner,
2022).

A learning engineering approach to VR design can advance the immersive learning field. This
methodology makes authentic learning accessible and maximizes the unique benefits of
three-dimensional, multisensory, interactive, experiential environments. By examining how
learning engineering practices can be leveraged in VR learning design to develop authentic
and impactful learning experiences, this position paper aims to contribute to the ongoing
discourse of harnessing emerging technologies to achieve greater learning outcomes and
more broadly advance the future of immersive learning design.

This paper begins by defining the learning engineering process, followed by an exploration of
its primary components. The subsequent sections offer practices, tools, and example cases

to demonstrate their application in designing and developing VR learning experiences based

on learning engineering principles.
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Learning Engineering as an Approach to
VR Learning Design

The IEEE International Consortium for Innovation and Collaboration in Learning Engineering
(ICICLE) defines learning engineering as: “a process and practice that applies the learning
sciences using human-centered engineering design methodologies and data-informed
decision-making to support learners and their development” (Goodell, 2022, p.10). Learning
engineering is a repeatable process intended to iteratively create, implement, and investigate
learning solutions, as defined in the Learning Engineering Toolkit (Figure 1) (Kessler et al.,
2022). It applies competencies from many domains, including learning science, computer
science, data science, learning experience design, subject-matter expertise, assessment,
measurement, and evaluation, learning environment engineering, education, and training, and
is often accomplished in multidisciplinary teams (Goodell, 2022; Wagner et al., 2018). While
learning engineering practices draws from these established disciplines, its process is
unique. It exhibits concurrent consideration and cycles of creation, implementation, and
investigation factors to address a challenge (Kessler et al., 2022).

Learning engineering always begins with a problem or a challenge that needs to be
addressed—typically an opportunity to improve learning or the conditions for learning
(Kessler et al., 2022). Just as engineering is the practice of using natural science to solve
technical problems and improve systems, learning engineering is the practice of using
learning science to solve learning problems and improve learning conditions (Goodell & Thai,
2020; Kessler et al., 2022; Kolodner, 2023).

It's important to note that learning engineering is not specific to immersive learning. It can be
implemented in the design and iterative development of all types of learning environments,
whether technologically mediated or not.

Figure 1

Learning Engineering Process CC BY Aaron Kessler, Jim Goodell, Sae Schatz (Goodell &
Kolodner, 2022)
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Understanding the challenge involves getting a clear picture of the problem that the VR
learning solution seeks to address, the learning objectives, the learner demographic, and the
conditions that will hinder or help learners achieve the learning goal. A project may face
multiple challenges, such as business, design, implementation, and instrumentation. For
example, a design challenge might involve identifying the correct target behaviors for a task
to recreate these practice opportunities in VR. The learning engineering process may look
like this:

o Challenge: Identify a collection of key behaviors, related errors, and
misunderstandings.

o Creation: This challenge can be clarified by creating interview questions for subject
matter experts (SME) that elicit knowledge and behaviors or successful performance.

o Implementation: SME interview questions can be implemented with multiple SMEs,
and data can be captured and organized.

o Investigation: Analysis of responses can reveal themes, enabling the identification of
the key behaviors.

These key behaviors inform the following design challenges, such as creating the VR
solution. A sub-iterative design process follows the investigation, creation, and user testing
cycle within the creation phase. Imagine the design team has conceptualized a task for the
VR experience and wants to validate whether it is on the right track. The sub-iterative design
process may look like:
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o Creation: Development of a low-fidelity prototype depicting the task within the VR
environment.

o User testing: Recruiting a small group of users to playtest the prototype.

¢ Investigation: Collecting user experience data through a survey and debrief session.

Findings from the investigation would then be used to inform the iterative design, circling
back to the creation phase.

Learning engineering is iterative and data-driven. Each process component helps to inform
the others, with the challenge sitting at the heart of the process and data-informed decisions
as the catalyst to engineer solutions from point A to point B (Kessler et al., 2022).

To further unpack learning engineering as “a process and practice that applies the learning
sciences using human-centered engineering design methodologies, and data-informed
decision-making to support learners and their development” (Goodell, 2022, p.10), the
following sections detail learning sciences, human-centered engineering design, and data-
informed decision-making for VR learning design more in-depth.

Learning Sciences and Learning Design
Principles for VR Design

Learning sciences can provide an initial blueprint for designing authentic learning
experiences. Considering what is known to be true about how people learn facilitates the
pedagogy, selection, and application of learning design principles that lay the foundation for
effective design (Goodell, Kolodner, et al., 2022; McEldoon, 2023). Anchoring the design of
VR learning solutions in the learning sciences enables the implementation of research-
validated strategies that maximize design effectiveness and increase the likelihood of
producing desired learning outcomes.

VR learning experiences are a powerful method of modeling systems by immersing the
learners within real-life settings. This approach provides an optimal environment for situated
cognition and experiential learning, allowing learners to actively participate in the learning
process (Aiello et al., 2012; Choi & Hannafin, 1995; Lave & Wenger, 1991). By interacting with
the virtual world, learners can transform their experiences into cognitive understanding
(Aiello et al., 2012; Choi & Hannafin, 1995; Lave & Wenger, 1991). This type of immersion,
which encourages solving real-world problems similar to those encountered in the physical
world, promotes authentic learning (Herrington & Oliver, 2000).

When grounding practice in authentic learning environments, it is optimal for the constraints
of the tasks to closely resemble real-world tasks for learners to suspend disbelief and
accept the environment as realistic (McEldoon, 2023; Wang et al., 2021). It is encouraged
that VR learning scenarios attempt to effectively replicate situational complexity and
contextual cues that learners must attend to in the physical world when performing the
same tasks to promote the possibility of repeated practice, better-equipping learners to
transfer these skills outside of the experience (Wang et al., 2021). Doing so increases
scenario fidelity, the degree to which rules, behaviors, and environment properties are
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reproduced in a simulation compared to the real world (Ragan et al., 2015). Scenario fidelity
contributes to the level of presence and immersion the VR system imparts to learners
(Ragan et al., 2015).

Immersion

Immersion makes a VR experience feel real and believable and is a primary affordance of
learning in VR (Jerald, 2015; Pagano, 2013). Nilsson, Nordahl, and Serafin (2016) suggest
that there are three-dimensional categories of immersion. Table 1 outlines each immersion
category and recommendations for how a VR experience can prompt them.

Table 1

Three-dimensional categories of immersion and how they can be promoted

Category

System
immersion

Narrative
immersion

Challenge-
based
immersion

Definition

A property of the system
or how the VR system
then influences the
perceptual sensation of
immersion (objective level
of sensory fidelity)
(Nilsson et al., 2016)

A subjective response to
narrative (spatial,
temporal, and emotional
immersion) (Nilsson et al.,
2016)

A subjective response to
challenges—-one of
intellect (strategic
immersion) and
sensorimotor skills
(tactical immersion)
(Nilsson et al., 2016)

Strategies for promoting immersion

Designers can promote system immersion
by enhancing the experience’s display fidelity
—the degree to which real-world sensory
stimuli are reproduced by a system and
interaction fidelity, the degree with which
real-world actions are reproduced in an
interactive system (McMahan et al., 2012).

Use narrative to situate learning by providing
a storyline that frames the activity (Torrence,
2022). The inclusion of storytelling can
provoke engagement, curiosity, motivation to
interact, and resonance with underlying
themes and messages the story conveys,
which can lead to an enhanced conceptual
understanding of the subject matter
(Villanueva & Vaidya, 2019).

Designing for the right level of challenge
within a learner’s zone of proximal
development (ZPD) (Vygotsky & Cole, 1978)
is critical for eliciting challenge-based
immersion and optimal learning (Nilsson et
al., 2016) from a constructivist perspective
and helps induce a sense of flow (Webster et
al., 1993).

Flow, Desirable Difficulty, and Autonomy
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Flow is a state in which an individual is deeply focused, channeling their emotions and
attention into an activity they are engaged in (Csikszentmihalyi, 1990; Villanueva & Vaidya,
2019; Webster et al., 1993). As the ZPD and flow state is achieved through a careful balance
of challenge and skill level (Csikszentmihalyi, 1990; McEldoon, 2023; Webster et al., 1993),
immersive learning designers should give careful consideration to designing for desirable
difficulty within their VR experiences—challenging, but not too difficult. Imparting learners
with the freedom and control to interact with a sense of agency increases motivation and
precipitates flow behavior conducive to learning (McEldoon, 2023; Villanueva & Vaidya,
2019). VR experiences prioritizing a sense of autonomy enable learners to experience cause-
and-effect relationships firsthand (Torrence, 2022). Learners can uncover the
interrelationships between the concepts and their actions through active experimentation
with decision-making, testing of solutions, receiving feedback, and interpreting and
internalizing their experience (Aiello et al., 2012; Villanueva & Vaidya, 2019). As learners
interact within the virtual world, they construct new ideas and build upon their prior
knowledge (Aiello et al., 2012).

Repetition and Active Learning

Repeated and varied practice in immersive, simulated environments offers learners
familiarity and confidence with target situations through normalizing exposure to authentic
scenarios (Fahl et al., 2023; Sirakaya & Kilic Cakmak, 2018). Promoting active learning by
presenting opportunities for learners to engage in the virtual world and construct their
understanding is essential for cultivating authentic and effective immersive learning
environments and even promotes a sense of presence (Aiello et al., 2012; Bowman &
McMahan, 2007; Chen & Wang, 2018).

Presence

Presence is a person’s subjective experience when interacting within VR environments
(Bowman & McMahan, 2007; Nilsson et al., 2016; Slater, 2018). It is the feeling of being in an
environment when physically located elsewhere. A learner’s sense of presence is stronger
with interactivity, which helps them buy into the illusion that they are there (Mditterlein, 2018).
Because presence is integral to how people learn through immersive modalities, any design
decisions that break presence risk jeopardizing the learning outcomes of the experience.
Thus, maintaining presence is of the utmost importance in immersive learning design.

Managing Cognitive Load

For VR learning experiences to be effective, it's important that they are designed to direct
learner attention to target information related to a task and to limit distractions that can
interfere with their ability to do the task (Kalyuga et al., 1999; Makransky & Petersen, 2021;
Mayer, 2005; Sweller, 2011). Specifically, it is essential to consider learners’ information
processing limitations in designs to minimize extraneous cognitive load (McEldoon, 2023).

Presenting excessive stimuli across multiple modalities in an immersive experience can
overwhelm learners’ information-processing systems, and this difficulty in parallel
processing can adversely affect learning outcomes (Anderson & Crawford, 1980; Kalyuga et
al., 1999; Mayer et al., 2001; Moreno & Mayer, 2000). Therefore, designers of immersive
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learning experiences should use caution and refrain from stimulating concurrent competing
modalities, which can reduce cognitive resources allocated toward integration, memory, and
transfer, thereby interfering with the learning of target material. For instance, if a learner

makes a mistake performing a task in VR, there are three primary senses through which the

system can send signals to the learner—visual stimuli by way of user interface text or
images, auditory through sound effects or voice-over audio, or somatosensory through
haptics. The likelihood of competition if stimulating all three senses is high; however, several
two-stimulus permutations may work synergistically if the intensity is carefully balanced to
not compete with one another and overwhelm users. The following design case exemplifies
how learning sciences can be considered and translated into design decisions for VR

training.

Example Designh Case: HVAC Training

Designers were tasked to create a fully immersive VR learning experience teaching heating,
ventilation, and air conditioning (HVAC) procedures. They practiced learning engineering and
applied the learning sciences to guide their initial design decisions (McEldoon & Torrence,
2023). The learning designers prioritized the following learning design principles based on
the learning sciences: focused attention, minimizing extraneous cognitive load, formative
feedback, and evidence-based performance measurement. Table 2 details the design
decisions and artifacts created to address the management of learner attention and
cognitive load, feedback mechanisms, and the application of the Evidence-Centered Design

for Assessment (ECD) framework.

Table 2

Design decisions by learning science consideration for the HVAC VR case (McEldoon &

Torrence, 2023)

Attention and cognitive load

1. To limit cognitive fatigue,
modules were
approximately 10
minutes long, and
elements of the
procedure were isolated
until learners could
master each segment of
the task.

2. Display fidelity was
prioritized to promote
ease of perceptual
processing. The
experience used
computer-generated

Feedback mechanisms

1. Strategic timing of
feedback so that
learners could
engage in a revision
cycle in the flow of
the experience.

2. Basing the
progression of
auditory feedback
to learners on the
number of incorrect
actions for any
given step along a
four-instance hint
scale:

Evidence-Centered
Design

1. Created a domain

model for eight
HVAC services,
which detailed
target
competencies and
sub-competences.

. Designed a series

of experiences that
solicited target
behavior and built
action triggers to
collect.

. Analyzed

performance data
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imagery (CGI) to depict
an authentic HVAC lab
environment, machinery,
and tools.

. The interface sought to
reduce the complexity of
the visual display by
limiting text and using
diegetic interfaces.

. Only relevant objects
were placed in the space
to maximize attention
and limit distraction.

. The tools behaved as
intended and mirrored
their function and
behavior in real life to
minimize extraneous
cognitive load.

The 1st and 2nd
incorrect actions
triggered an error
sound effect
feedback.

The 3rd incorrect
action prompted an
error sound effect
plus voice-over
guidance hinting at
the step’s end-state
goal.

The 4th incorrect
action prompted an
error sound effect
with explicit
instruction on how
to accomplish the
step to reach the

from the VR system
and reported
competency levels
to dashboards.

end-state goal.

Feedback was scaffolded to nudge learners to adjust their behavior at earlier instances of
incorrect actions, with the degree of corrective feedback increasing as learners’
misunderstandings became more evident. This approach also effectively manages cognitive
load because providing voice-over corrective feedback for every learner mistake could
overwhelm learners and adversely affect learning.

Evidence-Centered Design for Assessment (ECD) is a conceptual framework centered on
constructing evidence-based claims grounded in empirical data (Mislevy et al., 2003;
Torrence, 2023a). The HVAC training used ECD to tackle the challenge of seamlessly
weaving valid and reliable measurements into the VR experience (McEldoon & Torrence,
2023). ECD is particularly valuable to VR modalities because assessment can be embedded
directly within the experience without breaking presence and immersion or disrupting flow
(Shute et al., 2017; Torrence, 2022a). By applying ECD to the design of the HVAC VR
experience, strategic alignment was achieved between the learning tasks designed and the
target competencies (Torrence, 2022a).

Operationalizing learning objectives and competencies into key demonstrable behaviors,
which serve as empirical evidence of competency levels, is a systematic approach to design
(Shute et al., 2017; Torrence, 2022). Learning designers can use these behaviors as design
requirements when constructing VR learning tasks (Shute et al., 2017). This practice ensures
that learners' behaviors are authentic to the real-life task and that performance measured in
the VR experience accurately represents learner competency levels (Mislevy et al., 2003;
Parra et al., 2021; Shute et al., 2017). Practitioners can use data collected from learner
interactions to make evidence-based inferences to guide pedagogical decision-making
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about the learning journey and provide useful information to learners in formative feedback
cycles (Torrence, 2023a).

When adopting a learning engineering approach, immersive learning practitioners may want
to identify the learning design principles most applicable to their learning solution. These
principles can then be defined as design pillars, serving as alignment criteria for instructional
design decisions.

Human-Centered Engineering VR Design

Learning engineering is a process and practice that uses human-centered engineering
design methodologies to design from the perspective of the end-users of the solution
(Goodell, 2022; Thai et al., 2022). This section will spotlight learner-centered design,
participatory design, and prototyping methodologies from human-centered and engineering
disciplines for VR learning design and provide recommendations for practice.

Learner-Centered Design

Learner-centered design is primarily concerned with learners as the end-user and the
efficacy of their learning (Goodell & Kolodner, 2022; Norman & Spohrer, 1996; Schiller, 2009).
Persona development is critical for making VR designs resonate with the target learners
(Torrence & Mueller, 2022, pp. 29-34). Personas are design tools that represent hypothetical
archetypes of individuals (Schatz et al., 2022; Thai et al., 2022). Learner and character
personas are two popular types applicable to VR learning solutions. The information
described in personas can vary, but learner personas commonly detail a single archetype’s
demographics, biography, prior knowledge, goals, motivations, fears, values, perspectives,
and notable traits (Torrence & Mueller, 2022). Learning designers can then use this
information to shape the context, storyline, appropriate content, and difficulty level of the VR
experience. The goal is to develop an array of learner personas that capture the breadth and
depth of the target learners and their diverse perspectives, preferences, and dispositions so
that the personas can be used as an accountability tool for validating whether the designs
meet learners’ needs.

Figure 2

Learner Persona Example (Torrence & Mueller, 2022, p. 30)
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PERSONA BIO

Kenneth is a new hire in Epic
Connect's new home internet

division. He's a few weeks on the job
and is enthusiastic about his position
as a CS agent

This is his first fully remote role and
it's taken some time for him to
adjust. He wants 1o make a good

impression and demonstrate his
competence. His aspirations are o

move up the corporate sales ladder
and he sees this role as the stepping

stone for this goals.

He regularly interacts virtually with

his peers at the associate level and a

manager who he can turn to for
assitance or escalation

Because he is new on the job, he is

open to training, but would rather
spend time getting real OTJ
experience
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AGE 24
OCCUPATION Customer Service Agent
STATUS Associate Level

LOCATION Washington D.C., Remote
GENDER ale

GOALS

« My goal is to build confidence and
competence as a CS agent and become
a leader that others can turn to for
assistance. My goal is to eventually get
a promotion.

NEEDS

« | need to feel that my team is accessible
and available for support, especially in
the remote setting.

| need to show my manager that I'm
capable.

VALUES

* | value making people happy and doing
my best to help them.

| like that | work for reputable company
and that this job gives me the flexibility
to work from home.

FEARS

« I'm afraid that I'll make a mistake in
front of my manager or that since this is
a new industry for me, | might panic
when faced with a difficult customer.

PRE SECONDARY Bachelor’s Degree

READING LEVEL Post Secondary
PHYSICAL SKILLs Typical workplace mobility; can lift 30
Ibs; can stand for long periods of time
PRIOR KNOWLEDGE Ngw hire customer service onboarding;
1 year prior work experience in retail

EMPATHY MAP

SAYS
“My favorite part about
this job is speaking to
people.”
“There’s nothing like
closing the call with a
satisfied customer.”

DOES

Tries to get to know his
coworkers on a personal
level.

Volunteers to help
whenever anyone on his
team needs support.

THINKS
“Please let this next call
be an easy customer.”

‘l don’t want to have to
escalate this to my boss.”

FEELS

Hesitant to pose questions
to his manager.

Intimiated about this new
industry, when used to
retail

Disconnected physically,
so wants to make effort to
feel sense of community.

Character personas are essential for VR learning solutions that feature non-player characters
(NPCs) or virtual humans (VHs). They contribute to developing realistic character
interactions by providing depth to fears, motivations, and flaws, defining emotional ranges,
and ensuring factual consistency in storytelling. Learning designers can use a character’s
personality traits to strategically plan the emotional tenor of a conversation and how the
learner’s behavior will impact the character emotionally (Torrence & Mueller, 2022).

Practitioners can conduct interviews, host focus groups, administer surveys, derive
information from system data, and analyze trends from these data sources to construct
initial drafts of personas. A validation step with target learners or periphery personnel should
occur to verify that the assumptions made in the personas are accurate and iterate if

necessary.

Participatory Design

Participatory design is a collaborative approach involving end-users in the entire design
process (B.-N.Sanders, 2002; Thai et al., 2022). By engaging high-interest and high-influence
stakeholders in the participatory design process and learning about their experiences,
learning designers can use these findings as a source of inspiration and ideation for
enhanced learning design and create a more effective and authentic VR learning solution (B.-
N.Sanders, 2002; Mueller & Torrence, 2023). Participatory design typically involves a series
of activities where participants self-express in the creation of artifacts contributing to the
design (Schatz et al., 2022), which presumably facilitates the creation of a VR learning
solution that resonates more with the target audience due to the diverse array of people with
different identities that have contributed to the end product.

Prototyping

255



The Journal of Applied Instructional Design

Prototypes are an essential human-centered engineering design tool for VR learning
designers (Goodell & Kolodner, 2022). Prototyping aims to depict ideas concretely, without
concern for aesthetics or perfection, to solicit actionable feedback or validate the design
(Jerald, 2015). Given a VR learning solution's long and intensive development lifecycle,
prototyping helps affirm that design efforts meet the requirements and stakeholder
expectations before expending many development hours to execute the design. Various
prototypes exist, ranging from low-fidelity paper models to high-fidelity functional versions
(Barr et al., 2022; Jerald, 2015; Schatz et al., 2022). The choice of prototype could be
influenced by how easily the VR design can be communicated through the selected medium,
as well as the familiarity and experience of the user testers and stakeholders offering
critique with that medium. A storyboard might communicate the look and feel to a client with
little VR experience, while a block diagram may communicate progression to a development
team. Example storyboard and block diagram prototypes are further detailed in the following
sections.

Storyboard

Storyboards typically convey scene-by-scene depictions of what learners will experience in
VR from a first-person point of view. Storyboard illustrations give a general sense of the
interface, positioning of objects, and interactivity. Effectively communicating the immersive
design is the ultimate purpose of storyboarding. However, storyboards do not need to be
high-fidelity to convey a design effectively or use advanced interaction design software.
Figure 3 depicts a storyboard scene for a VR learning experience intended to develop
proficiency in operating a micrometer. The storyboard was created with standard
presentation software, using text, shapes, and royalty-free images to convey an immersive
design (Torrence, 2023b).

Storyboards are also an avenue to communicate design decisions that result from
constraints, limitations, or conditions that must be satisfied. For instance, one constraint of
the micrometer VR experience is the inability to use locomotion to reduce the likelihood of
motion sickness. The storyboard snapshot in Figure 3 illustrates how a learner would use
their controller to teleport to a location (Torrence, 2023b).

Figure 3

Storyboard Example
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Level 1 Auto Shop

02-001

Learner navigates to
the tutorial object as
prompted by the coach

Image Source: LpE.//ansplash, com/ohoios/omIQIE Ok

Note. The storyboard scene for the micrometer VR learning experience illustrates
teleportation using a controller (Torrence, 2023b).

Creating storyboards facilitates better communication of the design with the software
development team, project stakeholders, and end-users. Presenting storyboards to target
learners early in the design process is advantageous for gathering feedback on the
scenario's authenticity and the task design's fidelity. This feedback should be collected
before proceeding with development to evaluate whether the design meets learners' needs
and to make necessary iterations if it falls short.

Block Diagram

Another method of conveying the design of a VR learning experience is to illustrate it using a
block diagram. A block diagram conveys a high-level view of the system components and
their interconnections (Jerald, 2015). Figure 4 conveys how learners will progress through
Level 1 of the micrometer operations VR experience.

Figure 4

Block Diagram Example
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Start Level 1 Exit Level 1
Auto Shop Eoied S om0y Auto Shop.

Task 2:Independent Measurement with (RIS

Virual Coach Interaction with (IR Task 1: Guided Measurement with [T & SR
earner navigates to the tutorial object as Lesmernevgaes onne i
PO e cbemaoies | RN i
Lo e environment
i ) 4

Introduces Micrometer using
Diagram Resource Learer picks up micrometer Learner picks up micrometer

i i 4
Learner places micrometer in
Models how to use a micrometer close proximity to the item to be
measured
+

Learner trns thimble to adjust
the spindle

proximity to the item to be measured

+

Learner turns thimble to adjust the spindle

)

Learner carefuly removes micrometer off of
object

Unlock Gate 01
+

Learner carefully removes:
micrometer off of object

+
Learner dlicks button “calculate.

+
Learner clicks button "calculate microns”

+

Learner rea s the close up view of the
micrometer

4

Learner manually enters Barrel
asurement numbers in the input ar

|

Learner manually enters Thimble
measurement numbers in the input area

Learner is asked to confirm that the micron
calculation s correct

Unlock Gate-02 Unlock Gate.03

Note. The block diagram depicts a subsection of Level 1 of the VR learning experience
teaching micrometer operations. The same sequence of behaviors is required for Gate-02
and Gate-03, starting with “Learner picks up micrometer” (Torrence, 2023b).

A benefit of depicting experience progression using a block diagram is the ease with which
design patterns can be detected in the experience. Design patterns are reusable conceptual
solutions to commonly occurring problems (Barr et al., 2022; Goodell, Hampton, et al., 2022;
Jerald, 2015). Notice in Figure 4 that after learners have navigated to an item, the process
requires the same sequence of behaviors before they are considered to have completed the
micrometer measurement of that item. Any task in which learners are expected to measure
an item with a micrometer follows this same sequence of requirements. This same pattern
is prevalent in subsequent levels of this VR experience, where learners must measure an
item with a micrometer, whether the measurement is a practice attempt or a tracked
observation (Figure 5). Identifying design patterns can help expedite the development of
these elements, produce consistency in the experience, and facilitate the fast and
standardized design of similar components in the future (Goodell & Kolodner, 2022; Jerald,
2015).

Figure 5

Block Diagram Example 2
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Note. The block diagram depicts a subsection of Level 2 of the VR learning experience
teaching micrometer operations. The same sequence of behaviors from Figure 4 also
appears in Gate-04, Gate-05, and Gate-06 (Torrence, 2023b).

Data-Informed Decision-Making for VR

Learning engineering is data-driven (Goodell & Kolodner, 2022). Every part of the learning
engineering process utilizes data-informed decision-making (Czerwinski et al., 2022). When
attempting to understand the challenge, there is naturally uncertainty around this problem
that affects decisions that need to be made (Goodell & Kolodner, 2022; Hubbard, 2014). The
purpose of measurement is to gather meaningful data to support the decision-making
process, and this evidence can be used to guide the iterative creation, implementation, and
investigation processes.

Creation Phase

Data-informed decision-making in the creation phase might begin with investigation through
interviews or focus groups with stakeholders, subject-matter experts, and target learners to
learn more about the challenge to address with the VR design. Outputs of such efforts could
yield the creation of personas and performance task analysis results. Immersive learning
designers can use this data to inform design decisions about creating the VR learning
experience. Once a design has been conceptualized and documented, learning designers
can conduct end-user testing to collect feedback for further iteration. This might look like
first providing design documentation or storyboards in front of learners to gather their
thoughts and revising the design based on the feedback received to better fit the needs of
learners. This iterative design cycle of creation, user testing, and investigation continues
from the prototype phase until the creation of the VR learning solution.

End-user testing is essential during the creation phase because design is rooted in
assumptions about what will work. These assumptions need to be validated. Table 3
describes examples of assumptions practitioners may have when designing and developing
a VR learning solution and the data collection methods they may pursue to investigate and
validate their assumptions.
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Table 3

Common design assumptions during the learning engineering creation phase of a VR project

and example data collection methods

Example assumption

The VR tasks are straightforward,
instructional scaffolding is effective, the
supports provided within the experience are
helpful, the subject-matter content is
appropriate, and the scenarios are
favorable.

The scripts included in the narrative-driven
VR learning experience sound natural and
authentic.

The VR design is a favorable experience,
and the display, interaction, and scenario
fidelity for the experience are optimal,
facilitating high levels of usability, presence,
immersion, engagement, and optimized
cognitive load.

Within-VR measures can also be used to investigate research questions relating to a learning

Data collection method

Playtest: Target learners test the VR
learning solution.

“Think aloud" protocol: Testers are asked
to articulate their thoughts and actions as
they playtest the experience.

Structured or unstructured debrief:
Testers engage in a facilitated
conversation inquiring about observations
and reactions during the playtest.

Table read: Testers roleplay and read the
scripts out loud to validate that tone and
language are appropriate for the
experience.

Table reads elicit verbal and facial
reactions from the readers, which can be
useful information for learning designers
to evaluate the script’s authenticity and
realism and course correct if necessary.

Survey: Testers complete self-report
question items to gather data that can
shed light on learners’ perceptions of
these factors of interest (Brooke, 1996;
Klepsch et al., 2017; Makransky &
Lilleholt, 2018; Sutcliffe et al., 2005).
The results of the surveys can highlight
problem areas that require additional
investigation and iterative design.

solution. Game-based learning solutions built in Unity commonly use Experience API (xAPI)

to collect data about learners’ behaviors as they play (Almond, 2019; Kim et al., 2016). Many
VR applications are built using the Unity game engine and can utilize these same standards

and libraries to track learners’ behavior in VR (Dig-iT! Games LLC, 2021; Yet Analytics, Inc.,

2023). Implementing data standards, such as xAPI, in VR learning solution development, can
enable stealth assessment of real-time performance (Shute et al., 2017) and allow adaptive

VR experiences. Additionally, virtual choreographies (Cassola et al., 2022) support design
and performance measurement, which is beneficial for developing flexible VR designs. As
detailed earlier in this paper, ECD approaches encourage preparatory efforts to identify and

260



The Journal of Applied Instructional Design

operationalize key behaviors for VR learning solutions. Identifying these target indicators
helps define the system triggers needed to create xAPI statements (Mislevy, 2013; Shute et
al., 2017; Torrence, 2023a). Practitioners are encouraged to collaborate with domain experts,
psychometricians, and software designers early in the design process so that the system is
designed to collect the right data to answer the research questions relating to the VR
solution (Mislevy, 2013).

Implementation & Investigation Phases

Once a VR learning solution has been created, practitioners must face different assumptions
to investigate. Common assumptions during implementation are that the VR learning
experience produces positive learning outcomes— the solution equips learners with task and
decision-making competence, and learners can transfer what they have learned on the job,
positively impacting business outcomes (Thalheimer, 2018; Torrence, 2023c). Other
assumptions include increased confidence levels, perceptions, intentions, and motivations
related to the subject matter due to the VR training. Additionally, it is assumed that the
theory of change regarding learners and situational factors is valid, and that the conditions
implementing the VR solution are favorable (Torrence, 2023c). Similarly, these assumptions
need to be evaluated through instrumentation and analysis.

The investigation should yield answers regarding the efficacy of the VR solution design and
implementation conditions, which will either support that certain design decisions are
effective or ineffective or require more data to be able to conclude. Findings should be used
to inform other parts of the learning engineering cycle (Goodell & Kolodner, 2022). Effective
elements should be encouraged in future designs, while ineffective elements should undergo
iterative design, and efforts to collect more meaningful data should be planned. The cyclical
process of learning engineering is oriented toward continually improving the learning
experience and is informed by results over time (Goodell & Kolodner, 2022).

Learners are not static, nor are implementation conditions nor the competencies being
taught. Continuous data collection and data-informed decision-making about VR solutions
are vital. The more data immersive learning designers collect over time relating to VR
learning solutions, the more can be learned about effective learning design for VR. Their
understanding of their learner population and implementation contexts will be more robust.
Replication trends in the data will reveal and validate practices that work or build on findings
and present new approaches to investigate until best practices for VR learning design are
identified.

Conclusion

This position paper advocates for the application of learning engineering processes and
practices for the design of authentic VR learning experiences. Widespread awareness and
adoption of learning engineering processes and practices as an approach to VR learning
experience design can revolutionize how immersive learning solutions are created and set a
new standard of excellence for virtual reality design and development.
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Learning engineering’s emphasis on applying the learning sciences as a fundamental step in
establishing design requirements reinforces the importance of evidence-informed selection
of learning design principles. This helps to ensure that VR learning experiences align with
how people learn (Goodell & Kolodner, 2022; McEldoon, 2023). The utilization of human-
centered engineering design methodologies such as learner-centered design, participatory
design (Elizarova & Dowd, 2017; Goodell & Kolodner, 2022; Mueller & Torrence, 2023), and
tools such as personas (Torrence & Mueller, 2022), storyboards, and block diagrams
(Torrence, 2023d) help to facilitate the creation of authentic and effective VR learning
experiences for end-users. Data-informed decision-making propels the learning engineering
process, supporting learners and their development at scales ranging from individual VR
learning tasks to VR programs, to even entire learning ecosystems. Data-driven design,
development, and continuous improvement of authentic, immersive learning solutions can
lead to optimized instructional design approaches, efficient iterative development cycles,
improved production systems, and curated implementation contexts. These enhancements
favor positive learning outcomes and promote behavior change over time.

Learning engineering processes and practices can aid in discovering and identifying
effective VR learning design approaches. They also support investigations into why these
approaches work, using data-driven efforts to establish and scale best practices for creating
authentic, immersive learning experiences. It is imperative that the immersive learning
industry establish best practices for designing effective and authentic VR learning solutions,
and learning engineering can aid in investigating and advancing the understanding of these
standards.
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