Co-funded by the

[ N
Erasmus+ Programme
of the European Union

Learning analytics and feedback design in
eXtended Reality

Lecture



s Co-funded by the R
Erasmus+ Programme * X
of the European Union s
Lecture
Learning analytics and feedback design in eXtended Reality
Author
Marcus Specht

Acknowledgement

Virtual Reality for Vocational Education and Training - VR4VET project has received funding from the
European Union’s Erasmus Plus programme, grant agreement 2021-1-NO01-KA220-VET-000028033.

Disclaimer

The European Commission support for the production of this publication does not constitute an
endorsement of the contents which reflects the views only of the authors, and the Commission cannot
be held responsible for any use which may be made of the information contained therein.

Co-funded by the
Erasmus+ Programme
of the European Union

License

The document is published by the VR4VET consortium with a CC-BY-SA-4.0 license.

Cite as

Marcus Specht: Learning analytics and feedback design in eXtended Reality (2024). VR4VET
Consortium. https://vrdvet.eu/


https://erasmus-plus.ec.europa.eu/projects/search/details/2021-1-NO01-KA220-VET-000028033
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://vr4vet.eu/

> Co-funded by the S
Erasmus+ Programme * *
of the European Union A ek

Summary

This lecture explores the convergence of learning analytics and virtual reality (VR), emphasizing how
immersive environments can be used to track, assess, and enhance learner performance. The lecture
outlines the importance of defining clear learning objectives—cognitive, affective, and
psychomotor—and discusses various methods for measuring learner behavior, including biometric data,
eye tracking, and motion analysis. Through examples such as helicopter simulators, Minecraft-based
campus models, and collaborative VR tasks, the author illustrates how VR enables scalable,
personalized, and experiential learning. The lecture highlights the value of expert modeling for
feedback, the role of deliberate practice, and the potential of VR to support career awareness and
collaborative problem-solving. The lecture concludes with a reflection on the need for conceptual clarity
in measurement to avoid being overwhelmed by data, advocating for thoughtful design and targeted
analytics to truly understand and support learners in virtual environments.

Learning objectives

e Understand the foundational concepts of learning analytics and how they apply within virtual
and extended reality environments.

e Identify and differentiate between cognitive, affective, and psychomotor learning objectives in
VR-based training scenarios.

e Explore various methods for measuring learner behavior in VR, including biometric data, eye
tracking, motion tracking, and performance metrics.

e Analyze the affordances and limitations of VR for experiential learning, deliberate practice, and
collaborative problem-solving.

e Evaluate the role of expert modeling in creating benchmarks for learner assessment and feedback
using machine learning techniques.

e Examine real-world case studies demonstrating the use of VR environments for onboarding, skill
development, and career awareness.

e Discuss the importance of conceptual clarity in designing assessments and interpreting data
within immersive learning environments.

e Reflect on the potential of VR to support scalable, personalized, and collaborative learning
experiences across educational and professional contexts.
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1. Introduction to Learning Analytics and VR

Learning analytics refers to the collection and analysis of data about learners and their contexts, with the
goal of understanding and optimizing learning. When integrated with VR, these analytics become even more
powerful, allowing educators to track user behavior in immersive environments and provide personalized
feedback and adaptive learning experiences. Specht highlights that understanding what users do in these

environments is foundational to designing effective feedback and support systems.

2. Learning Objectives in VR Environments

Specht explains that learning objectives in VR can be categorized into three domains: cognitive, affective,
and psychomotor. Cognitive objectives involve knowledge acquisition and problem-solving. Affective
objectives relate to emotional and social skills, which are often developed through interaction scenarios.
Psychomotor objectives focus on physical skills and coordination, which are particularly relevant in
simulation-based training. These domains are rooted in psychological theory and help educators design
targeted learning experiences. Assessments can vary depending on the domain, ranging from skill-based

performance evaluations to quizzes and behavioral observations.

3. Measuring Learner Behavior in VR

To effectively assess learners in VR, educators must use a variety of measurement techniques. Behavioral
measures include tracking interactions such as button clicks and object manipulation. Biometric data, such
as heart rate and cognitive load, can provide insights into a learner’s emotional and mental state. Eye
tracking allows educators to see where learners are focusing their attention, while motion tracking reveals
how they interact physically with the environment. Specht provides an example from helicopter simulator
training, where researchers analyze pilot actions and physiological responses to evaluate performance and

identify areas for improvement.

4. Affordances and Challenges of VR

Virtual reality offers several advantages for learning. It supports experiential learning by allowing users to
engage with realistic simulations. Educators can control the complexity of the environment, removing
unnecessary elements to focus on specific tasks. This is particularly beneficial for learners with special needs
or those on the autism spectrum. VR also enables deliberate practice, where learners repeat tasks to improve

performance. However, Specht cautions that poorly designed environments can overwhelm users and
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introduce confounding variables. Therefore, it is essential to design VR experiences with clear learning goals

and psychological considerations in mind.

5. Scenario-Based Learning and Career Awareness

Specht discusses the importance of scenario-based learning in VR, where learners engage with realistic tasks
that mirror professional environments. These scenarios not only teach problem-solving skills but also foster
career awareness. For example, in a cloud engineering scenario, learners must solve technical issues while
gaining insight into the daily practices and decision-making processes of professionals in the field. The goal
is to help learners develop self-awareness and opportunity awareness, understanding what the environment
entails and how they might fit into it. Measurement instruments, such as questionnaires and peer feedback

tools, can assess learners’ situational awareness and readiness for career development.

6. Case Studies and Applications

Several case studies illustrate the practical application of learning analytics in VR. During the COVID-19
pandemic, Specht’s team modeled a university campus in Minecraft, tracking avatar movements and
interactions with non-player characters (NPCs). This allowed researchers to measure exploration, creativity,
and collaboration. In another example, students built escape rooms to teach logic gates, requiring
collaborative problem-solving. A geology museum modeled in Minecraft provided a knowledge-based
learning experience, with learners solving problems across different levels of the museum. These examples

demonstrate how VR can support diverse learning objectives and assessment strategies.

7. Scalable Assessment and Expert Modeling

One of the key benefits of VR is its ability to support scalable assessment. Educators can collect large
amounts of data on learner interactions, including eye tracking and motion data. Specht emphasizes the
importance of expert modeling, where expert behavior is recorded and used as a benchmark for evaluating
novice performance. For instance, a calligraphy trainer compares student strokes to expert samples, using
machine learning to provide feedback. This approach can be applied across various scenarios, from
diagnosing systems in Minecraft to navigating virtual shipyards. By capturing expert performance, educators

can train models that deliver personalized feedback to learners.
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8. Collaborative Learning in VR

Collaboration is a vital component of learning, and VR offers unique opportunities to support it. Specht
describes experiments where learners’ gaze is visualized for their peers, enhancing shared understanding and
coordination. In a cloud engineering scenario, multiple students work together, with one performing tasks
while others observe. Visualizing attention helps learners understand what their peers are focusing on,
improving communication and problem-solving. This approach has been shown to contribute significantly to

learning outcomes and the development of situational awareness.

9. Psychological Insights and Eye Tracking

Eye tracking in VR can provide valuable psychological insights. For tasks requiring hand-eye coordination,
such as juggling, tracking gaze is essential for performance. Specht notes that eye movement patterns can
indicate cognitive processes, such as whether a learner is recalling information or imagining a solution. Pupil
dilation, a measure of arousal, can be tracked to assess attention and engagement. Facial expression tracking
offers additional data on emotional states. However, Specht warns that without a clear conceptual model,

educators risk being overwhelmed by data. It is crucial to define what needs to be measured and why.

10. Final Reflections and Recommendations

In closing, Specht emphasizes the importance of purposeful measurement in VR learning environments.
Educators must have a clear conceptual understanding of what they want to assess, whether it is
performance, knowledge, or behavior. Expert modeling and deliberate practice are powerful tools for
providing feedback and supporting learner development. Collaborative scenarios enhance learning through
shared experiences and peer interaction. Ultimately, the goal is to understand what users do in VR
environments and use that data to improve learning outcomes. Specht’s lecture provides a comprehensive
overview of the design parameters, measurement techniques, and educational potential of learning analytics

in virtual reality.
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