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Abstract

Interaction methods in VR environments is a very potent
area for researchers. Lower-body tracking has the poten-
tial to increase embodiment and immersion in virtual real-
ity applications. It does so by enabling movement that is
more natural. Yet, its impact within educational VR con-
texts remains underexplored. This paper presents a con-
trolled experimental study comparing lower-body track-
ing based locomotion using HTC Vive 3.0 trackers with
conventional joystick based locomotion. The study was
conducted during the creation of VR Trebevi¢, an edu-
cational VR hiking game designed to teach basic hiking
skills through task based learning. These tasks include
correct packing, orientation and basic safety procedures.
Alongside this game, an additional application is created
which features a similar environment and mechanics for
different ways of moving through space and participants
were instructed to try out both. User experience is eval-
uated using a Likert scale questionnaire focusing on per-
ceived immersion related to experience and comfort. This
study aims to provide insights on how lower-body tracking
influences user perceived immersion in educational VR
environments and to support the design of future VR learn-
ing applications that rely on embodied movement mechan-
ics.
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1 Introduction

Virtual reality has become a useful tool for interactive
learning. Many educational environments are now ex-
plored through immersive systems. A strong sense of pres-
ence, the feeling of “being there” inside a virtual environ-
ment, is often expected from such systems. This percep-
tion is strongly affected by movement mechanics. Move-
ment in virtual reality has always been a design challenge.
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Natural walking can’t always be used because of physical
space limits, so most users interact inside small indoor ar-
eas. For this reason, artificial locomotion methods are of-
ten applied. These methods attempt to simulate movement
without requiring large real-life spaces.

Several common locomotion techniques are used in
VR applications, typically categorized by their interac-
tion style. Existing VR locomotion typologies classify
techniques as motion-based, room-scale, controller-based
and teleportation-based. However, recent work has in-
troduced a new type, motion-based teleporting, to cap-
ture hybrid locomotion methods [1]. While teleportation
has traditionally been a standard choice due to its ability
to reduce motion sickness, the sudden change in position
can interrupt the sense of natural movement. An analy-
sis of 330 commercial VR applications shows a decline in
teleportation usage and an increase in arm-tracked loco-
motion techniques, highlighting differences in locomotion
adoption between industry practice and academic research
[2]. These trends suggest a growing interest in movement
methods that prioritize physical engagement. Another fre-
quent technique is joystick locomotion. This method is
similar to movement in traditional video games. The user
pushes a controller stick to move forward or change di-
rection. The approach is simple and familiar. The body
remains mostly still while the environment moves around
the user and this mismatch between physical and virtual
movement can cause discomfort to the player.

Researchers have also explored physical locomotion
techniques. These methods attempt to map real body
movement to virtual movement. Examples include tread-
mill walking or arm swing locomotion. Arm swing loco-
motion detects rhythmic hand movement and translates it
into forward motion, that way the user feels more physi-
cally involved. Still, this movement method doesn’t fully
reflect natural walking patterns. Lower-body tracking has
recently gained attention as another possible solution. This
technique uses trackers attached to the legs or feet. Move-
ments of the lower-body are detected in real time. The sys-
tem translates those movements into actions inside the vir-
tual world. That way a stronger link between physical ef-
fort and virtual movement can be created. Because of this,
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immersion may increase. However, several challenges are
also present. Extra hardware is required for lower-body
tracking, setup time may become longer, calibration errors
can affect accuracy etc. These limitations raise questions
about practicality. It is not yet clear whether the bene-
fits outweigh the extra complexity. Educational VR envi-
ronments provide an interesting context for this question.
Learning experiences often depend on engagement and ex-
ploration. When users move in a natural way, attention
may remain focused on the environment and its content.
This idea is related to the theory that learning is influenced
by bodily interaction with the environment.

The study was conducted during the development of
VRTrebevi¢, an educational VR hiking game inspired by
Trebevi¢ Mountain. VRTrebevi¢ was developed specifi-
cally as a research instrument for this study and is cur-
rently an unpublished application. The game was designed
to teach basic hiking skills through task based learning.
Several short tasks were included. These tasks focus on
correct backpack packing, trail orientation and basic safety
procedures that hikers should know when in nature. Hik-
ing is strongly connected to physical motion. Because of
this, the way a user moves through the environment can
affect the overall experience. A natural walking rhythm
may increase immersion. For this reason, an additional
application that uses a similar environment was developed
alongside the main game. Each version uses a different
movement approach. One method uses traditional con-
troller based locomotion, while the other one uses lower-
body tracking.

The main purpose of this research is to evaluate how
different locomotion methods affect immersion. Immer-
sion describes the degree to which a user feels absorbed
in a virtual environment. A higher level of immersion may
improve engagement and learning outcomes. However, in-
creased physical demand may also influence user comfort.
The results of this study aim to support better design deci-
sions for future educational VR experiences.

2 Related work

The use of virtual reality in education is changing as the
technology gets better. At first, the focus was on making
the graphics and sound look real. Now, there is much more
interest in how the player’s physical body affects the expe-
rience. Bailenson [3] argues that VR is used best when
it allows us to do things that would otherwise be danger-
ous, impossible, counterproductive or expensive (DICE).
For many, a hike fits some of these criteria. Using games
in VR has shown a lot of promise for teaching. A study by
Lampropoulos and Kinshuk [4] found that gamified VR
environments help students feel more motivated to learn.
However, the success of these tools depends on how im-
mersed the student feels, which is often tied to how they
move in the virtual world.

When it comes to VR locomotion and body tracking,

research shows that embodied interaction has a big im-
pact on players’ sense of immersion. Lanier [5] suggests
that the VR’s magic comes from the brain’s ability to ac-
cept a new body, a concept known as homuncular flexi-
bility. A study by Caserman et al. [6] using Vive track-
ers showed that tracking a user’s limbs makes the virtual
environment feel much more real. Furthermore, research
into wearable electronics has shown that a recent wearable
leg movement monitoring system enables accurate, real-
time assessment of locomotion speed and motion state [7],
suggesting that educational VR games that combine realis-
tic movement with interactive elements keep players more
interested. Still, there is a gap in the current research.
Not many studies have looked at how lower-body track-
ing compares to using a joystick for movement, when it
comes to immersion and physical comfort.

The context of hiking in VR provides a unique way to
study this. Research by Haliburton et al. [8], on a VR
hiking system found that moving the body leads to higher
levels of mindfulness and positive emotions compared to
passive movement. Meaning that the effort of hiking is not
just a gameplay mechanic, but also a way to improve the
user’s emotional state and connection to the environment.
This aligns with the design principles outlined by Jerald
[9], where he emphasizes that the most effective VR expe-
riences are those that respect the user’s biological expec-
tations of movement.

A major part of any VR experience is presence, and
that feeling of actually “being there”. Jerald [9] explains
that presence happens when a place feels real and believ-
able. In a hiking game, this feeling is easily broken. If the
camera moves forward while the player’s legs are stand-
ing still, the brain will get confused. This mismatch is
the main cause of motion sickness and often results in a
break in presence, where the player remembers they are in
a room wearing a headset. By using lower-body tracking
the experience can be made to feel more grounded.

The body’s internal sense of its own movement called
proprioception, is very important here. Research by
Bayramova et al. [10] shows that the brain understands
movement better when physical motion and visual cues
match up. When the way you move in the game mirrors
how you move in real life, like the walking in place sys-
tems studied by Lee et al. [11], the sense of presence is
much stronger. This suggests that moving your legs gives
the brain the physical feedback it expects when it sees the
scenery moving. In a hiking game, the effort of moving
your legs makes the task feel more authentic.

Adding physical movement also helps with learning
through a theory called embodied cognition. This is the
idea that our bodies and our minds are closely linked. Ba-
sically, we learn better when our bodies are involved in
the process. Johnson-Glenberg [12] argues for high em-
bodiment VR, where physical actions are related to what
is being learned. In a hiking game, the act of walking is a
high embodiment action. The physical effort of following
a trail makes the lesson more memorable than watching a
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video.

Even with these findings, there is still a gap in research
about how lower-body tracking specifically affects com-
fort and immersion compared to using a standard con-
troller, especially in educational games. This project will
look at how leg tracking specifically changes the experi-
ence for players in a virtual mountain environment.

3 Case study

This section describes the development of VRTrebevié. To
study the issue of hiking and physical motion, two versions
of the application were created. Participants were asked to
experience both movement systems and their impressions
and responses were later evaluated.

3.1 Application design and structure

The structure of VRTrebevié¢ follows a simple progression
along a forest trail. Users begin at a starting point and
gradually move through the environment. A forest path,
natural terrain and hiking markers and signs were included
in the design to help create a believable outdoor setting.
The experience encourages users to gain knowledge by
completing practical actions rather than passively receiv-
ing information [13]. Instead of reading instructions, users
interact with objects and situations that represent real hik-
ing scenarios. At the beginning of the experience, users
encounter a preparation task (see Figure 1). After complet-
ing the preparation task, the user continues along the trail,
where the navigation becomes the next learning element.
Trail signs and environmental cues guide the user toward
the correct direction. Navigation is not solved through ex-
plicit instructions. Instead, environmental observation be-
comes part of the learning process.

The structure of the application remains intentionally
simple. The experience focuses on exploration and inter-
action rather than storytelling.

Figure 1: Preparation task

3.2 Implementation

VRTrebevi¢ was implemented using Unreal Engine 5 [14].
This development platform is widely used for games and
virtual reality experiences. The engine provides tools for
environment creation, interaction design and VR integra-
tion. In VR apps high frame rates must be maintained to
prevent discomfort and simulator sickness [15]. Because
of this requirement, optimization techniques were applied
during development. One important technique involves
the use of level of detail (LOD) models. LOD refers to
simplified versions of 3D models that appear when ob-
jects are far from the user. This method reduces render-
ing cost and improves performance. In addition, distance
based culling was applied, where objects beyond a certain
range are hidden entirely, further lowering rendering cost
to help maintain high frame rates in VR. The app supports
standard VR headsets that use controllers and head track-
ing. Head tracking allows the user to look around naturally
inside the virtual space, while controller input is used for
object interaction and navigation.

For the locomotion experiment, two navigation systems
were developed. The first system uses controller based
locomotion, in which the user pushes the joystick on the
controller to move forward through the environment. This
approach is commonly used in VR applications, as it al-
lows smooth movement and requires minimal physical ef-
fort. The basic locomotion system was implemented in
the original version while the lower-body tracking system
was implemented in the experimental version of the ap-
plication developed in Unity Engine [16]. The second lo-
comotion system uses lower-body tracking where external
trackers are attached to the user’s legs. These devices cap-
ture leg movement during stepping actions. Tracking data
is transmitted to the application in real time, where the
system analyzes this movement pattern. When stepping
motion is detected, forward movement is activated inside
the virtual environment. This method attempts to simulate
natural walking behavior. The user performs stepping mo-
tions while remaining in a small physical area and the in-
game character moves forward along the hiking trail. Al-
though the user does not physically travel through space,
the body still participates in the locomotion process. This
interaction may strengthen the sense of embodiment, the
perception that the virtual body belongs to the user. A
stronger connection between physical and virtual action
may increase immersion. But, at the same time, physical
movement may introduce fatigue during longer sessions.

A custom walking in place mechanism was developed in
Unity. The hardware interface consists of two HTC Vive
3.0 trackers. These sensors are secured to the user’s lower
limbs, specifically positioned slightly above the ankles us-
ing velcro straps (see Figure 2). This placement is due
to the need to capture the maximum vertical displacement
of the leg. The trackers connect to the computer using
2.4 GHz Vive wireless dongles, providing low latency that
keeps real and virtual movements aligned. In addition to
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