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Context

Advancements in immersive technologies have increasingly shaped the scientific
understanding of skill acquisition and procedural learning. Virtual Reality (VR) and
Augmented Virtuality (AV) have emerged as two pivotal modalities for procedural training,
leveraging haptic feedback to enhance motor learning and cognitive processing. VR immerses
users in fully synthetic environments where haptic devices—such as force-feedback gloves and
exoskeletons—simulate tactile sensations, allowing for the safe and controlled rehearsal of
complex tasks. Such systems have been extensively studied in surgical training, industrial
maintenance, and rehabilitation, demonstrating improvements in precision, task accuracy, and
decision-making through enhanced sensorimotor engagement. In contrast, AV situates users in
virtual environments augmented by tangible, real-world objects that provide natural tactile
interaction. By integrating physical objects into predominantly virtual spaces, AV minimizes
the reliance on simulated feedback and exploits embodied cognition, wherein motor learning
is grounded in real-world sensory experiences. This hybrid approach has been shown to
reinforce kinesthetic memory—defined as the ability to recall and replicate bodily
movements—which is essential for mastering procedural skills. Evidence from rehabilitation
and industrial training contexts suggests that direct interaction with physical objects can
enhance motor recall more effectively than simulated feedback alone.

Despite the promising applications of both VR and AV, there remains a gap in research directly
comparing these modalities in terms of their impact on cognitive load, skill retention, and user
experience. Given the critical role of kinesthetic memory in procedural learning, understanding
how simulated and tangible feedback influence these factors is essential for optimizing training
environments. This study aims to bridge this gap, offering a comparative analysis to inform the
development of more effective, evidence-based training systems across various scientific and
professional domains.

Research Issue and Problem Statement

The primary research objective is to compare the effectiveness of VR with simulated haptic
feedback versus AV with direct tactile interaction in procedural training. Key research
questions include:



* How do these approaches impact cognitive load during complex tasks?

* Which method more effectively supports skill acquisition and long-term retention,
particularly regarding kinesthetic memory?

* How do users perceive immersion, realism, and usability across these training environments?

Addressing these questions will contribute to understanding the relative benefits of simulated
versus tangible feedback in immersive training, offering guidance for optimizing training
systems in professional contexts.

Research Milestones

1. Comprehensive Literature Review: Analyze current research on VR and AV with haptic
feedback, focusing on kinesthetic memory’s role in procedural learning to identify gaps and
challenges.

2. System Development and Prototyping: Design and implement a VR training platform with
force-feedback devices and an AV system integrating tracked physical objects.

3. Experimental Design: Conduct controlled experiments using metrics like the NASA Task
Load Index (NASA-TLX) for cognitive load, alongside performance measures (accuracy,
speed, error rates) and physiological data (EEG, heart rate variability).

4. Data Collection and Analysis: Recruit participants, execute experimental protocols, and
analyze quantitative and qualitative data to evaluate training effectiveness and user experience.

5. Dissemination of Findings: Publish research in peer-reviewed journals and present at
conferences focused on immersive technologies and training. Develop guidelines for
integrating haptic feedback in procedural training systems.

This research seeks to provide an evidence-based comparison of VR and AV training systems,
offering valuable insights for developing more effective, user-centered, and cognitively
efficient training solutions in diverse professional fields.
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