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Right in front of you see a red rotary wheel.
You have to grab this wheel with both hands.

Figure 1: Screenshots of the different guidance methods: shared-body, shared-view, verbal (symbolized by the subtitles)

ABSTRACT

While video lectures are very successful in explaining theoretical
aspects, Virtual Reality (VR) also offers the possibility to teach physi-
cal skills. While a large body of research focuses on virtual teaching
explaining tasks during the task completion, it remains unclear
what type of task instructions work best before task execution.

In this paper, we compare three virtual teaching methods: purely
verbal explanation, explanation by observing the trainer’s activity
from exactly their perspective (shared-body), and explanation by
observing the task execution in a shared view overlay within one’s
view.

Our quantitative results show that the purely verbal explanation
can result in slower task replication for some tasks, e.g., path draw-
ing in the air. Our qualitative results indicate that shared-body and
shared view techniques work well but can be improved through
additional verbal explanations. Moreover, task instruction might be
hard to remember, which can be avoided through in-situ instruc-
tions or splitting the tasks into sub-tasks and letting the trainees
replicate shorter physical actions.
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1 INTRODUCTION

Remote training becomes more and more important. It enables
trainees to learn from experts without physically traveling, allow-
ing them to learn over a distance without any travel effort. Such
possibility is important during the Corona pandemic. Moreover, it
can democratize education in the long term.

Virtual reality (VR) enables us to learn remotely, cooperatively,
and independently of the trainee’s or trainer’s physical presence.

While video lectures have been shown to be a very good so-
lution for remotely (or online) learning theoretical skills [4, 29],
practical skills better work with a constructing learning "by do-
ing" approach [18]. Thus, practical skill learning often requires a
setup more complex than videos, e,g., to train manual actions in
a 3D space using simulations. Such 3D simulations are used for
medical training [20], dental training [24], training of machine op-
erations [27], learning to weld [12], learning to drive [5, 19], or
professional training, such as as a submarine training program [13].
These training systems usually use complex hardware interfaces
that provide realistic haptic feedback and imitate real devices. Thus,
they are very specialized, only applicable to a single training pur-
pose, expensive, and not available for a broad range of users.
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For physical or manual tasks, learning "by doing" is a commonly They did not nd any signi cant di erence between voice-only and
established learning approach, either guided through demonstra- voice-plus-gesture during the instruction.
tion or instructions given before a learner does the task or simulta- George et al. investigated the e ect of instructor design on so-
neously. cial presence and performance for virtual training][ They com-
Previous research studied such simultaneous guidance present-pared an avatar, webcam stream, rendered video-capturing of the
ing the demonstration of a task through the teacher from an ego- instructor on a at surface in VR, and sound-only as instructor
centric perspective§, 11, 2§, from an exocentric perspectived| representations for two tasks, a memory task, and an object se-
8, 16 21], and through view sharing, where the learner sees what lection task. While they did not nd any signi cant di erences
the teacher sees8[ 15 17, 25. Further research investigated how  between the di erent tasks, they found that the webcam and avatar
di erent kinds of task explanations in uence the learner's task's  representations yielded a high social presence but resulted in the
completion time, accuracy, and task load through exploring purely VR user's lower performance. Their results show that users felt that

verbal instruction B, 14, verbal plus projected gesturelff, instruc- the sound-only representation condition made them work harder.

tion viavideo [8,9, 14, 15 17), instruction by a real human helperq], This is in alignment with their ndings of lower performance in

a virtual realistically represented trainei9], an abstractly repre- the visual representations.

sented trainer ], overlaying the real view of the user with virtual Funk et al. compared for assembly tasks the following instruction

hands [1], or overlaying the virtual view with virtual arms [6]. techniques: HMD instructions, tablet instructions, in-situ projected
While most research focused on skill learning with task explana- instructions, and paper instructions as baselir@. [Study results

tion given during the performance of the tasi6[11, 14 15 21, 2§, show that assembling using in-situ projection is signi cantly faster,

task interruptions B 8], or learning e ects over a longer periodil4 and the localization of positions with HMDs is signi cantly slower.

28, only very few research, e.g. on ballet dancing training used Furthermore, participants made fewer mistakes and had a lower

task explanation before executing the demonstrated motihf. perceived cognitive load during in-situ instructions than HMD

Therefore, it remains unclear how di erent pre-task explanations instructions.

in uence task completion time, accuracy, and task load. Rzayev et al. compared a real-world guide with a realistic, ab-

In this project, we aim to reduce the described research gap stract, and audio-only representation of a virtual guide in a virtual
through investigating in a user study three common explanation museum R3. Their qualitative results and the participants' feed-
types used to teach a manual task in VR and given by a trainer before back show that although an audio-only representation of a virtual
alearner examines the learning task. The explanation types we used guide helps to focus on the content, it can reduce the guide's con-
were purely verbal explanationvérba), observing the task demon-  nection.
stration from the egocentric perspective of the trainesh@red-body
and observing the task demonstration from the shared view of the 2.1.2 View Sharinyiew sharing is a common way to work and
trainer as an image in image projected overlay displayed inthe eld learn together by giving instructions through a live video captured
of view of the learner ghared-view To get generalizable results, with a standard camera or an HMD.

we tested each explanation type across three task&Dagointing Fussel et al. compared for pairs of participants performing robot
task (oil lling), a3D steering law task (paintinggnd abi-manual assembly tasks ve camera positioning conditions: Side-by-side,
task (wheel control) head-mounted camera, scene-scene camera, scene-plus head cam-
After presenting the ndings of our experiment, we will deliver eras, and audio-onlyd]. Study results show that the assembling
design recommendations for virtual physical task training. quality was rated highest when participants worked side by side
with the scene camera and lowest under pure audio and head cam-
2 RELATED WORK era conditions, while the self-assessed ability to help the workers

Research related to learning physical tasks using VR to be learned &nd the communication e ciency of the pairs was highest in side-
"by doing" is based on task demonstration in VR, which can be PY-side conditions but signi cantly higher with the scene camera

realized through various task demonstration techniques. Visual than in audio-only conditions.

task demonstrations can be captured from di erent viewpoints of Amores et al. develope8howMewhich enables a remote user

the trainer. to be immersed in another user's rst-person's point of view and
o0 ers demonstration through three-dimensional hand gestures and

2.1 Demonstration Techniques voice [1]. The remote expert performs hand gestures that are super-

imposed in real-time onto the novice user's immediate environment.
The novice sees their own hands and the hands of the expert in
real-time in their immediate physical surroundings. The system

has not been evaluated.

View sharing was also done to work and learn together in VR.
Valin et al. compared shared viewpoints and telepointers for col-
laborative tasks in VR. They found that viewpoint sharing enables
2.1.1 Demonstrations & Explanatiogk and Fraser investigated e ective collaboration and is more e ective than telepointers for
how voice-only compared to voice-plus-gesture, projected as real some tasks2§. Chellali et al. explored changeable view sharing for
video on the work surface, a ected assembly speed and assembly an object co-manipulation task in VR and found that shared view-
accuracy measured during instruction and after instructiotd]. points were used spontaneously to optimize communication and

Research on techniques on how a learner should be supported to
learn and perform tasks through di erent ways of demonstration

di er in how communication is made to explain the activityl[4,

in designs of instructor or trainer9, 23, in the technology used

for instruction [7], or in setups of cameras for sharing the view of
one or all of the co-workers [8].
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to reduce collaborative e ortsZ]. Pouliquen-Lardy et al. showed
for a virtual collaborative object moving task that the manipula-
tor's point of view was preferred when the participants took a
perspective [22].

2.2 Demonstration Viewpoints

A large body of research for training physical tasks focuses on
demonstrating the required movements by providing visual demon-
stration through showing the correct movement using di erent
viewpoints.

2.2.1 Egocentric Point of Viddere research on instructional vi-
sualizations that represent a continuous demonstration of a move-
ment that a learner should follow using the rst-person viewpoint

is presented.

Hoang et al. investigate®®nebodya VR training system for
remote posture demonstration during sports or physical activity
training using the rst-person perspective and allowing the user
to step into the instructor's body11]. A comparison with existing
techniques, including pre-recorded video, video conferencing, and
third-person view in VR, indicated that the instructor's rst-person
perspective o ers better posture accuracy in delivering movement
instructions.

Yang and Kim proposed the virtual motion training systehst
Follow Mg 28§. A trainee viewed the trainer's motion (tracked as
triaxial coordinate structure) from the egocentric perspective with
a VR head-mounted display (HMD), traced, and followed a 3-D
trajectory of the ghost by using their hands. A user study showed
that the Just Follow Meould achieve transfer and learning e ect
as e ective as traditional video-based learning media. They found
that the VR environment did not signi cantly negatively a ect the
performance and its application to the real, video-based situation.

Durr et al. investigated di erent egocentric visualizations and
demonstration methods for explaining mid-air arm movements
for a musical conducting task, including abstract and realistic vi-
sualization ). For di erent visualizations, abstract visualization
was compared with the realistic visualization of the human arms.
The demonstration methods used are the continuously moving
guidance visualization, keyframes, and the guidance visualization
pauses at each keyframe until the user reaches it. In contrast to the
continuous demonstration method, postures within the movement
between two keyframes were not visualized with both keyframe
methods. Evaluation results show a higher movement accuracy for
a realistic than an abstract visualization of the human arm. More-
over, their results suggest that visualizations with an abstract shape
and a demonstration technique that visualizes important postures
should not pause at essential postures.

2.2.2 Exocentric Point of VieResearch investigating the exocen-
tric view on trainer's demonstrated postures and movements, focus
primarily on the feedback to support trainees in learning motor
tasks.

Nozawa et al. investigated a VR ski training system enabling
users to learn by visualizing the trainer's motion and additional
graphs to visualize the angle of feet compared to the expert in
the third-person view of the traineeZ1]. Study results show that
reduced visualizations were often more helpful than displaying

all available information, like a graph comparing foot angles or
the trainer leaving behind transparent avatars that can be passed
through. The latter caused distraction among users since focus
needed to be split between the transparent avatars and the trainer's
main avatar.

Kyan et al. developed a system for training dancing balletin a VR
cave [L§. The egocentric perspective is used to observe an avatar
representation of a virtual trainer by the trainee and watch the
feedback provided in an immersive 3D environment. To be able to
judge their dance movements compared to the trainer, two di erent
exocentric modes of visualization were provided by this system. To
visualize the trainer's instructions, a mode in which the trainer and
the trainee are displayed side by side, and an overlay mode in which
the movements of the trainer and the user are superimposed, were
used. The system also allowed to review the own dance performance
from di erent angles to improve the training and detect mistakes in
the movement's execution. In a study, the recognition performance
of isolated gesture recordings was evaluated but not any viewpoint
e ects.

Chua et al. compared di erent visualization techniques to im-
prove Tai Chi learning from the third-person point of view. They
included multiple copies of the virtual teacher around the learner,
two designs that superimposed the learner's avatar over the virtual
teacher's avatar, and a virtual teacher avatar direct in front of the
learner [3]. Study results showed no signi cant di erences in the
performance imitating the teacher's movement for the di erent vi-
sualizations, but participants found the superimposed design more
complicated than the other designs.

2.3 Summary

Demonstration in VR used for learning motor tasks uses di erent
demonstration techniques, including text-based, video, or life-demo
instructions. The latter two can vary between egocentric and exo-
centric view.

While the exocentric vision works well for demonstrating whole-
body motions (B, 16 21)), it can lead to occlusion by the body of
the trainer when demonstrating manual tasks, where the egocentric
view give the most natural perspective on the demonstrated task
([6, 11, 28]

Previous studies on task demonstration techniques found no
signi cant di erence for verbal compared to verbal plus gesture
demonstration techniqueslf]. Other works suggest that sound-
only representations led to a higher performance than avatar and
webcam streamq]. In contrast, other work suggests that audio-
only led to the worst performance compared to other video-based
demonstration techniques [8].

For manual tasks, to our best knowledge, di erent demonstra-
tion techniques (e.g., verbal instructions versus video-like view
sharing versus immersive body-sharing) have not been compared
for egocentric task demonstration.

3 EXPERIMENT

Our study used a machine hall as an exemplary virtual environment
as their physical work is commonly done. Here, we compared for

AHs '21, February 22 24, 2021, Rovaniemi, Finland
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Figure 2: Machine hall used as exemplary virtual environ-
ment where physical work is commonly done.

manual/motor task explanation three common egocenttiEmon-
stration technique@erbal instructions versus video-like view shar-
ing versus immersive body-sharing). To see how well the techniques
help trainees to mimic demonstrated physical tasks, we measured
task completion time (TCTgccuracy andtask loadwhile three
typical tasks of varying challenges were mimicked: 3D pointing
task (lling in oil with a can), an3D steering law task (paintinggnd

Reinhardt et al.

3.3.1 3D Pointing Taskor the3D pointing taskparticipants had

to re Il oil into the virtual replica of a steam engine, see Figure 3.
For this purpose, a virtual oilcan has to be grasped, located on a
virtual table to the participant's right. The participants had to move
this oilcan over a steam engine's glass cylinder and Il oil into the
cylinder. This was realized by an arm motion that tilted the can,
analogous to pouring out liquids with a can in the real world. The
cylinder had a red lling line mark. Participants were told to Il

as much oil as required so that the oil reached the marked line.
The participants could tilt the oilcan as often as they wanted to |l
up oil. If the can was held horizontally to the ground, no more oil
owed, and the task was nished, which the participants had been
told before they started that task.

3.3.2 3D Steering Law Tabkr the3D steering law taskhe par-
ticipants saw a white line in 3D space, which they should copy
through drawing a green line at the exact as possible same position.
The participants were instructed to trace this line by pressing the
index trigget! on the controller with their right index nger. As

a visual aid where the drawn line was positioned in 3D space, a
green dot was displayed directly in front of the index nger of
the participants' virtual hand. From here, participants could start
drawing. The task ended by releasing the right index trigger.

3.3.3 Bi-Manual TasReleasing pressure from a steam engine

abi-manual task (opening a pressure valve through wheel rotation) ha4 to be done by rotating a wheel of a steam engine's virtual

3.1 Study Design

replica, see Figure 3. The rotary wheel had to be grasped with both
hands. To clarify the grasping and to simplify the interaction, we

The study followed a 3x3 mixed design with the independent between-could display di erent outlines on the wheel. We displayed a thin

subject variablelemonstration techniqeerbal shared-viewand
shared-body and the independent within-subject variabiask (3D
pointing task (oil lling), 3D steering law task (paintingand bi-
manual task (wheel contrpl)The dependent variables weleCT,
task accuracyandtask load

3.2 Participants
The experiment was conducted with 36 participants (13 females,

22 males, 1 prefer not to say the gender) aged between 20 and 50

years and an average age @f42years (= 6'45), recruited at
our university campus and via e-mail mailing list. The participants
were distributed evenly among the three groups of the independent
between-subject variabldemonstration technique

3.3 Tasks
We aim at investigating e ects of di erentask demonstration tech-

yellow outline around the wheel when one hand was within the
wheel's range, a thin green outline when both hands were within
the range of the wheel. Participants were told they had to turn
this wheel counterclockwise as far as it stops to open the steam
engine's valve. The color of the wheel then changed to yellow to
show that the valve was entirely open. The participants had to
monitor a manometer on the steam engine while holding the wheel
in place and release the wheel when the pressure needle pointed at
12 o'clock. When this pressure level was reached, the rotary wheel
should be released. The release marked the task to be nished.
According to our experiment design, each participant had to
complete the three tasks as fast and as accurately as possible in VR.

3.4 Demonstration Techniques

When participants were in the VR machine hall (see Figure 3), we
explored the three taskkemonstration technique®rbalexplana-
tion, task demonstration wittshared-viewand task demonstration

niquesacross tasks to get generalizable results. Hence, we have cho-,;in shared-bodyerspective on the demonstrated task (see Figure

sen tasks that fundamentally di er in type and complexity (pointing
versus steering, one-manual versus bi-manual) and the structure of
task load (especially physical and temporal). Thus, our thisesks
cover a good range of manual tasks.

A 3D pointing taskvas represented through lling oil into an
engine as here. A virtual can had to be held above an aperture
with 3D accuracy so that the oil does now ow besides. A tBB
steering law taskvas represented by copying a drawn line as here
not only one 3D point has to be met but also a 3D path. Last, a
bi-manual task was provided through a wheel that had to be rotated
counter-clockwise using both hands.

3).

3.4.1 VerbalFortheverbalinstruction, the experimenter described
the di erent tasks orally before the participant was asked to mimic
the task using a prepared manuscript. Each sub-task, all units, and
measured values necessary for the task were precisely described.

3.4.2 Shared-VieWhe experimenter demonstrated all activities to
the participant in detail using a shared view so that the participant
saw in their FoV what the experimenter saw when demonstrating

Lhttps://developer.oculus.com/documentation/unity/unity-ovrinput/






	Abstract
	1 Introduction
	2 Related Work
	2.1 Demonstration Techniques
	2.2 Demonstration Viewpoints
	2.3 Summary

	3 Experiment
	3.1 Study Design
	3.2 Participants
	3.3 Tasks
	3.4 Demonstration Techniques
	3.5 Measurements
	3.6 Apparatus & Setup
	3.7 Procedure

	4 Results
	4.1 Quantitative Results
	4.2 Qualitative Results

	5 Discussion
	5.1 Shared-Body Technique
	5.2 Shared-View Technique
	5.3 Verbal Technique
	5.4 Multimodal Techniques
	5.5 Releasing the Effort to Remember
	5.6 Design Recommendations

	6 Conclusion and Future Work
	Acknowledgments
	References
	A Instructions for Verbal Guidance
	A.1 3D Pointing Task
	A.2 3D Steering Law Task
	A.3 Bi-Manual Task

	B Think-Aloud Protocol for Visual Guidance
	B.1 3D Pointing Task
	B.2 3D Steering Law Task
	B.3 Bi-Manual Task


