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Abstract

Background: Stethoscopes and mannequins are basic tools for medical practitioners to diagnose various problems.
Restricted by space, resources, and time, these tools and common video training are sometimes inaccessible. These
obstacles may be solved by immersive virtual reality (VR) that improves interaction and blurs the line between
virtual and reality. Therefore, this study combines virtual and real interaction technologies to investigate the

impact of multi-sensory interaction on learning outcomes in chest auscultation.

Methods: This study integrated VIVE Tracker technology to provide synchronized tactile stimulation in VR.
University students in medical-related disciplines participated in the study. Interviews were conducted to
understand how students perceived the effectiveness and usefulness of the thoracic auscultation VR.

Conclusion: Most students expressed that tactile stimulation gave realistic sensations and effectively reinforced
the immersive effect. Simultaneously, it increased their interest and motivation in learning. The integration of
synchronized tactile stimulation is a novel approach that expands the realm of interactivity beyond handheld
controller manipulation and creates a platform to simulate medical-related scenarios to learn complex knowledge
and skills.
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Introduction

This study aimed to develop a virtual reality
(VR) system incorporating tactile stimulation to train
medical students to detect and diagnose cardiac
problems. The traditional training methods utilize
2D videos or drawings to explain the concepts and
structures of stethoscopes, which are otherwise
vague, invisible, and abstract to students. Moreover,
stethoscope training requires many patients for

practice. Cardiac sounds and mannequins are often
used as substitutes; however, practice is restricted by
these inconvenient and costly resources. Authentic
VR could compensate for such restrictions. Previous
studies showed that VR effectively contextualizes
healthcare instruction and enhances students’
skills.">® Students prefer VR because it reduces
external distractions such as noises and irrelevant

environmental cues.*®
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Furthermore, VR creates an immersive learning
environment to engage students. Specifically, modern
VR uses 3D scene creation tools such as Unity and
Unreal Engine. These tools create lifelike visuals,
including vivid lighting and textures with intricate
object details. Through VR, students can immerse
themselves in realistic medical scenarios, giving an
engaging and focused learning experience.

In PC-based VR systems, users often hold
controllers to manipulate virtual objects, such
as grasping, rotating, and moving an item. This
intuitive control method allows users to interact
naturally with virtual objects. Moreover, devices,
including cameras, infrared sensors, accelerometers,
and gyroscopes, have been designed to track a user’s
position, gesture, and movement. These tracked
actions can be synchronized with the agent so that
the user experiences full-body ownership of the
agent. The precise tracking increases authenticity and
extends the control of users from hands to full body
in VR.

Nevertheless, the potential of tracking devices in
VR have not been fully realized. In fact, the majority
of VR involves only auditory and visual senses.
This study used trackers to stimulate a tactile sense.
For example, the virtual and real stethoscopes are
synchronized by attaching a tracker to a real-world
stethoscope. Users can touch a real stethoscope and
interact with the virtual stethoscope, providing
a realistic and immersive simulation for medical
students to practice auscultation skills. This approach
enables previously untouchable virtual objects to
become tangible. The integration of tactile sensations
in virtual environments can enhance the feeling of
presence and immersion in the virtual world®”#? and
thus is the focus of the current study.

The tracker technology enables students
to experience both full-body movements and
interactions in a virtual environment. They can
move around and interact with patient models as
they would in a real clinical setting. They would
hear different lung and heart sounds when placing
the stethoscope on various chest positions. These
features provide a comprehensive and effective
learning experience in medical education, as students
can practice and refine their diagnostic and treatment
skills in a safe and controlled environment.

A few studies have attempted to incorporate
tracking devices into VR (e.g., Salagean et al.1%; Skola
et al.''). However, the designs might not be friendly

to users. For example, Salagean et al.'® had a complex
experimental setup involving 77 markers, making the
overall wearing experience considerably difficult for
participants. Therefore, the current study looked for
an easy-to-use and affordable solution using VIVE
Trackers. The study examined if the auscultation
VR training system could help students learn
independently and effectively.

Materials and Methods
Development of a VR Learning System

This study conducted in September 2022 at the
Nursing Department of Asia Eastern University of
Science and Technology, involved 40 undergraduate
students. The thoracic auscultation learning system
built a virtual clinic scene using the Unity game
engine, 3ds Max, and an HMD (HTC VIVE PRO
STARTER KIT, 1440 x 1600 image resolution per eye,
a large 110° field of view, and an ultra-smooth 90
Hz refresh rate). Eight VIVE Trackers were attached
to the user’s left and right hands, left and right feet,
abdomen, table, chair, and stethoscope to enable
them to interact with the virtual environment. Virtual
settings and objects were created with a 1:1 size ratio
between the virtual and physical worlds. Along with
the movements of the stethoscope, the simulated
sounds of a patient’s heart and lungs were played
through the headphones of the HMD.

Operating Procedures for the Thoracic Auscultation
Learning System

e The researcher informed the subject of the
learning objectives and how to use the VR
learning system.

*  The subject wore the VIVE Trackers on their
hands (Figure 1), feet, and abdomen, as well
as a HMD. Trackers were calibrated. The
subject then started learning while sitting on
a chair.

Fig. 1: Scenes of Real (a) and Virtual (b) Hand
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*  The subject entered the system to begin the
interactive experience. A voice instructed
the subject to raise their arms and select the
operation exercise option from the menu
(Figure 2).

Fig. 2: System Start Menu

* During the operation exercise, the system
showed dynamic arrows to prompt and
guide the subject through the exercise steps.

*  Thesubject practiced auscultation procedures
on virtual patients in 20 distinct scenarios,
each featuring different symptoms. Each
scenario lasted approximately 3-5 minutes.
When the stethoscope was brought close to

the patient’s chest (Fig. 3), they heard the

lung or heart sound.

e

Fig. 3: Scenes of Real (a)and Virtual (b) Stethoscope

e After completing the operation exercises, the
subject returned to the menu to take a skills test
comprising 20 questions. The questions were
in random order. This examination assessed
their ability to identify various thoracic
diseases based on the sounds they heard from
the HMD. In order to provide the subject
with a more immersive experience during the
auscultation test, they would see patients of
different ages (Figure 4)and genders.

Fig.4: Scenes of Older (a) and Younger (b) Patients

* When the subject had answered all the
questions, the score was displayed on the
screen along with the questions the subject
answered incorrectly. The subject could
decide whether to review them.

*  The subject had the option to repeat the skills
test or exit the system.

¢ Trackers and HMD were removed.
Data Collection and Analysis

After all subjects completed the experiments,
the focus group research method was employed to
collect individual perspectives on the VR thoracic
auscultation system. The subjects were divided into
eight groups of five for the focus group discussions.
During these discussions, we asked participants
about their opinions regarding the use of VR in
thoracic auscultation learning and their feedback
on its benefits or drawbacks. Content analysis was
applied to process the data and synthesize the key
points into overarching themes.

Results

The results of the focus group discussion
indicated that the students generally reported a
positive impact from the system. They pointed
out that the VR learning environment enhanced
their learning interest, improved their learning
focus, reduced learning stress, and fostered a more
proactive willingness to communicate with patients.
Furthermore, they provided recommendations
for the design of the VR auscultation system. The
following are some of the points the students raised

in their group discussion.
VR Enhanced Learning Interest and Focus

Students” feedback revealed that operating a
virtual human body in a VR environment provides
a unique experience. They developed a sense of
ownership over the virtual body, enabling them to
immerse themselves in simulated clinical scenarios:
“I felt as if I was in a clinic, operating the stethoscope
like a nurse, and observing the patient’s condition.
This immersion sensation helped me focus more on
learning auscultation skills” and “I fully immersed
myself in the diagnostic scenario, and felt like a nurse
responsible for performing the correct diagnosis for
the patient, which piqued my interestin auscultation.”
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The ability to interact directly with the virtual world
using their hands enhanced their interest in learning
auscultation skills. This experience gave them a
greater sense of control and involvement:”In VR,
being able to use my hands directly felt very cool. I
could perform various actions like a nurse, and this
made the process of practicing auscultation much
more fun.”

VR Could Alleviate Stress but Trigger Uneasiness

Students’ feedback revealed that the VR learning
environment effectively provided a space with less
social comparison and anxiety, thus helping reduce
students’ stress:

I often felt nervous and worried about making
mistakes when practicing in front of my classmates.
However, in VR, I couldn’t see anyone else, and it
boosted my confidence during practice.

I like this method of practice. I don’t have to
worry about others progressing too quickly, and I can
control my own learning pace.

In a low-pressure learning environment, students
found it easier to absorb knowledge: “Because there
were no time constraints, I could focus on diagnosing
patients, so it was quite relaxed during practice.”
However, VR could also trigger feelings of unease
in students: “I found the patients in VR looked quite
scary. Their expressions appeared very rigid and
being stared at by them created a lot of stress.” The
students expected to have normal eye contact with
the virtual patients.

VR Cultivated Communication Willingness

The VR learning environment facilitated students’
engagement in conversations with virtual characters.
Within this immersive setting, students honed their
communication skills through interactions in various
virtual patient scenarios, each presenting unique
responses and challenges that static mannequins
could not simulate. Therefore, students were willing
to speak up, which enhanced their communication
skills:

I felt like a nurse.The patients responded to
my questions. This increased my willingness to
communicate and assist patients.

VR feels real, and being asked to speak made me

quite nervous. But it prompted me to reflect on my
daily interactions with people.This experience made
me realize the importance of communication.

Through interactions with virtual characters in a
variety of test scenarios, this VR system enhanced my
listening and diagnostic skills. It also alleviated my
apprehension about speaking with patients.

VR Interactive Devices on Palms Were

Uncomfortable

Student feedback revealed that how they wore
VR devices could result in potential drawbacks,
providing valuable insights into immersive learning.
One student said: “Because the devices fixed on
my hands made me feel uncomfortable, and using
these devices during operations seemed somewhat
unnatural, it distracted me from the VR environment.
“However, the complaint was only about the hands.
Hands are more sensitive than feet or the abdomen
and so may induce a stronger unnatural feeling.

Discussion

As VR technology has advanced and has
incorporated more sensory interaction features,
students have become more immersed in the learning
context.!?!3 This study added tactile sensations to
virtual stethoscopes to enhance the immersiveness,
which in turn further cultivated students” interest in
chest auscultation. Our findings show the positive
impact of tactile experiences in VR on student interest
and focus.

Both this study and that of Moffitt et al.
suggest that VR alleviates anxiety due to social
comparisons. Students can practice independently
without worrying about their peers’ learning
speed. Specifically, VR could reduce the concerns
of students who prioritize self-presentation or lack
self-confidence. Gammage et al.'> pointed out that
such students often worry about receiving negative
evaluations from others. In general, they learn in a
more relaxed manner.

This study’s multisensory experiences included
not only stethoscope content but also the body
movements and facial expressions of virtual
patients. For nursing students, a patient’'s body
language and facial expressions are crucial in

non-verbal communication. Therefore, if virtual



International Journal of Nursing Education/Volume 16 No. 2, April-June 2024 49

characters display rigid facial expressions, it could
lead to feelings of isolation and discomfort, thereby
increasing stress, especially in situations that require
intense concentration on learning.!® Likewise, the
students emphasized the gaze of virtual characters.
with
characters, particularly the dynamic changes in gaze,

Improving eye communication virtual

helped reduce uneasiness in VR.

For medical students, effective communication
with patientsis an essential skill. Tactile feedback from
virtual objects, such as medical tools, closely mirrors
real-world experiences, creating a more immersive
and realistic training environment.!”'® The virtual
environment provided opportunities to practice
clear, accurate, and empathetic communication.

Conclusion

Thisresearch synchronized virtual and real-world
objects for students to construct tangible learning
memories through accurate tactile stimulation. The
integration of visual, tactile, and auditory senses
enriched the contextual learning experience in the
virtual environment. Tactile feedback effectively
drew students’ attention to the learning content. This
innovative approach promotes active participation
and overcomes their nervousness. VR provides
opportunities to practice conversations with virtual
patients, thereby improving their communication
skills.

Conflict of Interest: The authors declare that
they have no conflicts of interest.

Source of Funding: This research received no
specific funding.

Informed Consent and Ethical Approval:
This study was approved by the Research Ethics
Committee of National Taiwan University, Taipei,
Taiwan, with the registered number 202211EMO013.
As it is a regular teaching activity, we only used the
developed teaching aids as a precursor test.

References

1. Hsieh MC, Lin YH. VR and AR applications in medical
practice and education. The Journal of Nursing.
2017;64(6):12-18.https:/ /10.6224 /JN.000078

2. Matthews S, Wood K, Quevedo AJU, Jaimes N,
Dubrowski A, Kapralos B, Alam F, Rojas D. Work-

10.

11.

in-Progress-A preliminary eye tracking and HMD
orientation comparison to determine focus on a cardiac
auscultation training environment. In: Proceedings
of the 7th International Conference of the Immersive
Learning Research Network (ILRN); 2021; Eureka, CA,
USA https://10.23919/iLRN52045.2021.9459383

Yeh HF. Virtual reality skills training trends in nurse
practitioner education. The Journal of Nursing.
2021;68(5):13-17. https:/ /10.6224/JN.202110_68(5)

Chang YM, Lai CL. Exploring the experiences of
nursing students in using immersive virtual reality to
learn nursing skills. Nurse Education Today. 2021;97.
https://10.1016/j.nedt.2020.104670

Hara CYN, Goes FDSN, Camargo CRAA, Fonseca
LMM, Aredes NDA. Design and evaluation of a
3D serious game for communication learning in
nursing education. Nurse Education Today. 2021;100.
https://10.1016/j.nedt.2021.104846

Bagher MM, Bagher P, Bagher ], Bagher P, Klippel
A. Move the object or move the user: The role of
interaction techniques on embodied learning in VR.
Frontiers in Virtual Reality. 2021;2. https://10.3389/
frvir.2021.695312

Hannans JA, Nevins CM, Jordan K. See it, hear it, feel
it: Embodying a patient experience through immersive
virtual reality. Information and Learning Science.
2021;122(7-8):565-583.  https://10.1108/ILS-10-2020-
0233

Moon J, Jeong M, Oh S, Laine T, Seo J. Data collection
framework for context-aware virtual reality application

development in Unity: Case of avatar embodiment.
Sensors. 2022;22(12).https:/ /10.3390/ 522124623

Pratviel Y, Bouni A, Veronique DA, Larrue F, Arsac
LM. Avatar embodiment in VR: Are there individual
susceptibilities
stimulations? Frontiers in Virtual Reality. 2022;3.
https://10.3389/ frvir.2022.954808

Salagean A, Crellin E, Parsons M, Cosker D, Fraser DS.
Meeting your virtual twin: Effects of photorealism and

to visuo-tactile or cardio-visual

personalization on embodiment, self-identification
and perception of self-avatars in virtual reality. In:
Proceedings of the 2023 CHI Conference on Human
Factors in Computing Systems (CHI ‘23); 2023. p. 1-16.
https://10.1145/3544548.3581182

Skola F, Tinkové S, Liarokapis F. Progressive training
for motor imagery brain-computer interfaces using
gamification and virtual reality embodiment. Frontiers
in Human Neuroscience. 2019;13. https://10.3389/
fnhum.2019.00329



50

International Journal of Nursing Education/Volume 16 No. 2, April-June 2024

12.

13.

14.

15.

Ao D, Wu W, Guo X. Immersion and intersectionality
- Virtual reality in cross cultural art exhibition courses.
In: Rau PLP, editor. Cross-Cultural Design. HCII
2023. Lecture Notes in Computer Science, vol. 14024.
Springer; 2023. https:/ /10.1007 /978-3-031-35946-0_16

Bowman DA, McMahan RP. Virtual reality: How
much immersion is enough? Computer. 2007;40(7):36-
43. https://10.1109/MC.2007.257

Moffitt RL. A psychosocial investigation of exercise
preferences in real and virtual environments.
Psychology of Sport and Exercise. 2023; 70:102530.
https:/ /10.1016/j.psychsport.2023.102530

GammageKL,LamarcheL,DrouinB.Self-presentational
efficacy: Does it moderate the relationship between
social physique anxiety and physical activity in
university students? International Journal of Sport and
Exercise Psychology. 2014;12(4):357-367. https://10.10
80/1612197X.2014.932824

16.

17.

18.

Dirin A, Laine T. The influence of virtual character
design on emotional engagement in immersive virtual
reality: The case of feelings of being. Electronics.
2023;12(10). https:/ /10.3390/ electronics12102321

Gani A, Pickering O, Ellis C, Sabri O, Pucher P. Impact
of haptic feedback on surgical training outcomes:
A randomised controlled trial of haptic versus non-
haptic immersive virtual reality training. Annals of
Medicine and Surgery. 2022;83. https://10.1016/j.
amsu.2022.104734

Kanakamedala CA, Dankert FJ, Parola R, Egol AK,
Aggarwal KV, Lajam MC. Haptic feedback during
virtual reality training significantly improves first-
tibia
drilling: A randomized trial. Current Orthopaedic
Practice.2023,34(5):251-256. https://10.1097/
BCO.0000000000001223

year orthopedic resident performance at





