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Abstract

Despite growing interest in the inclusion of virtual reality (VR) in medical educa-
tion, its full potential for immersive and interactive training remains underutilized,
particularly in dermatology. As part of a multidisciplinary project, we tested the fea-
sibility of integrating a VR training scenario for a complete skin cancer screening
into the curriculum with 58 medical students. The evaluation focused on simula-
tion usability, cognitive task load, immersion, change in perceived competence, suit-
ability, and cybersickness using established and adapted questionnaires. Participants
reported rather high levels of system usability and immersion and medium cognitive
task load. Self-assessed competence in performing a skin cancer screening increased
significantly after the training simulation.

Prior skin cancer screening experience correlated positively with self-assessed com-
petence and theoretical knowledge, which themselves were neither related to gender
nor age. Age correlated negatively with perceived usability and immersion, enjoy-
ment of learning during the simulation and assessed appropriateness of the simu-
lation to learn a dermatological full-body examination while being positively cor-
related with perceived cybersickness. Gender was significantly associated with the
need for technical help during the simulation and openness to new technologies.

As a blueprint of a feasibility evaluation, this study can contribute to further refine-
ment of the presented and relatable VR applications in medical curricula.
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1 Introduction
1.1 VRin medical education and dermatology

Virtual Reality (VR) has been gaining increasing prominence in medical educa-
tion, revolutionizing the way medical professionals are trained. It offers immer-
sive and interactive simulations that provide a safe environment for learners to
practice and repeat various medical procedures (Mergen et al., 2024). VR’s suc-
cessful integration in surgical fields (Co et al., 2023; Ntakakis et al., 2023), emer-
gency medicine (Abbas et al., 2023; Miihling et al., 2023; Walls et al., 2024) and
preclinical anatomy (Abundez Toledo et al., 2024; Garcia-Robles et al., 2024),
has demonstrated its potential to enhance training and improve clinical skills.

Although VR technologies have garnered substantial interest among dermatol-
ogists, their integration in this field has lagged behind surgery (Gencoglu, 2024).
Nonetheless, VR technology seems to be one of the most promising futuristic
trends in dermatological education (Das, 2024), particularly because of its visual
nature. Recently published articles that outline best practices for research in VR
and Augmented Reality (AR) in dermatology demonstrate the growing interest
of the scientific community in this topic (Muralidharan et al., 2024; Obagi et al.,
2020).

A review by Bonmarin et al. explores the status and potential future develop-
ments of AR and VR technologies in dermatology (Bonmarin et al., 2022) by
investigating their use in education, diagnostics, and dermatologic surgery.

In education, AR and VR can enhance the learning experience by providing
realistic 3D models of skin diseases, which promote and improve diagnostic skills
and knowledge retention. In dermatologic surgery, AR and VR have been used to
reduce patient anxiety and assist in complex procedures and in diagnostics. In a
clinical setting Artificial Intelligence (AI) combined with VR has shown promise
in detecting skin cancer.

During our literature research for similar training concepts in dermatology, we
found one AR-based solution called mARble-dermatology, which offers users to
learn about dermatological diseases with digital flashcards and virtual projections
of lesions onto real skin examples. The authors did not find a significant benefit in
terms of immediate learning success when learning with the mobile application,
while a slight increase of long-term knowledge retention was examined (Noll
etal., 2017).

Furthermore, we identified a study by Ranpariya et al. that examined the ben-
efits of a VR memory palace for memorizing treatment protocols for atopic der-
matitis (Ranpariya et al., 2022). The study involved a small cohort of medical
students, dermatology residents and research fellows, who interacted with the VR
environment for about 10 min per session. The results indicated high satisfaction
among participants, with most finding the VR memory palace easy to set up and
navigate. They also considered the mnemonics helpful for learning. The study
suggests that the application could be a valuable addition to dermatology educa-
tion, enhancing recall and engagement compared to traditional methods.

@ Springer



Education and Information Technologies (2025) 30:5251-5282 5253

In February 2024, a study was published in which the same VR simulation appli-
cation that we employed was tested at a different university following a distinct
course design. They found that the use of VR in medical education was technically
feasible and well-received by students, who viewed it as a valuable supplement to
the curriculum. From the students’ subjective perspective, the VR scenario con-
tributed to a good learning outcome, particularly in enhancing their competence in
performing skin cancer screenings. While preparation and follow-up are important
for overall learning, the VR scenario was identified as having the most significant
impact on students’ perceived ability to conduct these screenings (Junga, Schmidle
et al., 2024).

In addition to differences in course design, we employed a more detailed explora-
tory analysis and considered differences and correlations between subgroups. A
comparison to their results is included in our discussion.

1.2 Didactic concepts

VR in education is underpinned by several key didactic concepts that enhance the
learning experience. The following four didactic concepts collectively demonstrate
how VR can improve medical education by providing variable and useful immersive
scenarios.

Constructivist Learning posits that learners actively construct knowledge based
on their existing understanding and past experiences (Mishra, 2023). VR supports
this by immersing learners in interactive, context-rich environments where they can
engage with virtual patients, enabling them to learn from their actions and outcomes
and build upon their experiences made during the simulation.

The Situated Learning Theory emphasizes the effectiveness of learning when it
takes place in the context in which the knowledge will be applied (Lave & Wenger,
1991). VR creates authentic learning environments that simulate real clinical situa-
tions, allowing students to gain practical experience. This immersion helps reinforce
theoretical knowledge through practical application, thereby enhancing comprehen-
sion and retention.

The Experiential Learning Theory by Kolb describes learning as a cyclical pro-
cess involving four stages: concrete experience, reflective observation, abstract con-
ceptualization, and active experimentation (Kolb, 1984).

VR facilitates this process by enabling students to perform medical procedures,
analyze their performance, apply theoretical concepts, and improve through repeated
practice in a safe, controlled environment.

The Cognitive Load Theory addresses the load on working memory during learn-
ing, highlighting the need to balance intrinsic, extraneous, and germane cognitive
loads (Plass et al., 2010).

VR can reduce extraneous cognitive load by presenting information visually and
interactively, thus aiding comprehension. It enables learners to grasp complex medi-
cal concepts through immersive visualizations and interactive simulations, fostering
a deeper understanding in a realistic and context-rich setting.
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1.3 Motivation, use case and goal

Among the essential skills that medical practitioners should possess is the abil-
ity to conduct proficient skin cancer screenings. Early detection of skin cancer is
crucial for patient outcomes and the corresponding skills should not be limited to
dermatologists alone: general practitioners and other medical professionals must
also be trained to identify suspicious skin lesions and refer patients to specialists
for timely follow-up diagnosis and treatment. Unfortunately, skin cancer—espe-
cially undetected malignant melanoma (MM)—continues to claim numerous lives
and can rapidly lead to metastases (Rashid et al., 2023).

Despite the significance of skin cancer screening, medical students still rarely
have the opportunity to actually practice this skill themselves during their medi-
cal training. Patients with suspicious skin lesions are often directed to immediate
surgical intervention, making it challenging for students to gain hands-on expe-
rience. Furthermore, the nature of a comprehensive full-body examination in a
traditional medical curriculum is impeded by time constraints on wards and both
patient and student discomfort, especially in terms of the essential genital exami-
nation. The same applies for training simulations with actors imitating patients.

In light of these challenges, our study aims to address this educational gap by
testing the feasibility of integrating a self-developed VR simulation course for
skin cancer screening into the medical curriculum at our medical faculty. The VR
simulation allows medical students to independently examine a virtual, interac-
tive patient in an immersive 3D environment of a dermatological practice. During
the simulation, students are required to take the patient’s health history, examine,
document and evaluate skin lesions, making decisions on which lesions require
further diagnostics, treatment or observation.

Through this research project we seek to explore and demonstrate the potential
of VR as an innovative and effective tool in training medical students for skin
cancer screening. By providing a safe and realistic environment for learning, we
aim to empower future medical professionals with the necessary skills to identify
and respond to skin cancer in its early stages, ultimately contributing to improved
patient outcomes and reduced mortality rates associated with undetected skin
cancer.

Within this scope, the following research questions (RQ) are addressed in this
study. While the overall aim of the study is the assessment of feasibility of this new
learning method, the RQs were formulated to investigate whether subgroups of par-
ticipants (e.g., regarding gender, age, prior VR or skin cancer screening experience,
self-efficacy) differed from one another and to identify possible correlations. The
objective was to determine which factors might influence the assessment of the VR
training.

RQ 1: How do medical students evaluate the usability of the VR simulation?

Since usability in terms of user-friendliness could influence the overall assess-
ment of the suitability of the presented VR simulation for teaching, this aspect was
captured as independent variable.

RQ 2: What is the cognitive task load experienced by medical students during
skin cancer screening training in the VR simulation?
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Cognitive task load during learning should be neither too low nor too stressful in
training situations to ensure effective learning (Nelson & Eliasz, 2023).

RQ 3: To what extent do the medical students feel present and immersed during
the VR simulation?

Immersion and presence in training simulations enhance realism, allowing users
to engage deeply with the environment, enabling skill development by closely mim-
icking real-world scenarios.

RQ 4: To what extent does the VR course change medical students’ self-per-
ceived competence in skin cancer screening?

Training using the VR simulation is only worthwhile if an increase in compe-
tence is realized and perceived afterwards. While the validity of self-assessments
is currently under discussion, there are indeed studies showing that students’ self-
perceptions correlate with external evaluations (Spoto-Cannons et al., 2019).

RQ 5: How suitable is the VR course for training a skin cancer screening?

Suitability depends on whether simulation tasks are feasible and the training
is perceived as meaningful or beneficial according to the students’ opinion as end
users.

RQ 6: Do participants experience symptoms of Cybersickness during the VR
simulation?

Evaluating cybersickness is crucial to ensure user comfort and safety of the vir-
tual experience. To account for equal opportunities to use the simulation, these neg-
ative effects must be limited.

2 Methods

The methodology of this feasibility study involved the planning and integration of a
VR simulation as part of the BMBF-educational project “medical tr.Al.ning” (Mer-
gen et al., 2023a) involving the Saarland University, the University of Miinster, the
University of Fine Art Saar (HBKsaar), the German Research Center for Artificial
Intelligence (DFKI), and the University of Applied Sciences Miinster (FHMS), initi-
ated in December 2021.

This VR simulation served as the inaugural application developed within the
scope of the medical tr.Al.ning - project.

2.1 Organization
2.1.1 Context

The study took place at the Medical Faculty of Saarland University, Campus Hom-
burg and targeted participants from the fifth or sixth clinical semester, depending on
their educational schedule. The VR simulation was seamlessly incorporated into the
mandatory curriculum for the summer semester of 2023 by integrating it into the
dermatology practical course.
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This practical course is divided into two subsequent blocks, Block A (April to
May 2023) and Block B (June to July 2023). The VR simulation was only integrated
into Block B. The weekly practical courses are split up into two sessions of 90 min.

The simulation session took place in the skills lab at Campus Homburg, where
groups of six students participating in each session were briefed on the procedure
and introduced into dermatological skin cancer screening by a qualified dermatolo-
gist before starting the VR simulation. Participants were then divided into three sub-
groups of two individuals and assigned to three separate rooms.

Ethical approval was given by the ‘Arztekammer des Saarlandes’, Germany (No.
244/21). Moreover, we obtained written informed consent from all participants with
information on General Data Protection Regulation (GDPR)-compliant data storage
and processing. Participation in the study was voluntary. Students who did not want
to participate could still take part in the course and the VR simulation without com-
pleting the study questionnaires.

2.1.2 Course scheme

The whole course scheme is presented in Fig. 1. Each VR session involved one
participant performing the skin cancer screening in VR while being observed by
another student.

+ Introductory event on content and organization of the course
+ Introductory video on the usage of the HMD
+ Dermatology lecture

Before the
course day

* Informed consent forms

CLRUTEN -« Introduction to skin cancer screening by a dermatologist
course day

» Demographic data (age, gender, VR experience)
+ Self-assessment on professional knowledge
i * General Self-Efficacy Short Scale (ASKU)

Pre-VR

+ Tutorial in VR

* Observer questionnaire

« Skin cancer screening in VR
+ Debriefing with dermatologist on the captured images )

+ Usability: System Usability Scale (SUS) N
« Task load: Simulation Task Load Index (SIM-TLX)

N - Immersion: Reality Judgment and Presence Questionnaire (RJPQ)
Py« Cybersickness (based upon CSQ-VR)
» Own supplementary items on self-assessement and evaluation <l

Fig. 1 Time schedule and content of the course
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Before starting the simulation, the students were asked to complete a pre-VR
questionnaire on demographic information as well as prior experience with both VR
and skin cancer screening.

A tutorial before the actual skin cancer screening served to familiarize participants
with the VR controls and interactions. After completion, participants started the VR
simulation standing in the waiting area of a virtual dermatological practice where the
patient was waiting for them in one of the examination rooms. The students were free
to choose how they carried out the complete examination routine. A virtual derma-
toscope could be used to take a limited number of photos of suspicious skin lesions.

During the simulation, the observing student followed the examiner’s steps in VR
on a computer screen and completed a designated questionnaire that was compara-
ble to an Objective Structured Clinical Examination (OSCE) (Harden & Gleeson,
1979). This questionnaire served as a checklist to comprehensively assess the com-
pleteness and correctness of the skin cancer screening.

After completing the examination, the roles were swapped, and the observing stu-
dent completed the tutorial and the subsequent skin cancer screening.

After concluding the VR simulations, participants discussed their photos of skin
lesions with the dermatologist. Subsequently, they completed the post-VR question-
naire as described in detail in Sect. 2.5.

Throughout the course and study, participants were continuously supported by at
least one medical didactic expert, a dermatologist, and a minimum of two technical
support assistants.

2.1.3 Hardware and software

For the VR simulation, the researchers utilized the Valve Index VR-Kits, in combi-
nation with high-end laptops (32 GB RAM, 11th Gen Intel(R) Core(TM) i7-11800H,
Nvidia GeForce(R) RTX(TM) 3080 16 GB). The software platform employed was
the latest regularly updated SteamVR version, and the simulation was programmed
using Unity (Version 2021.3.15f1).

Questionnaires were completed by all students using an iPad Pro 11" and the
online survey tool ‘LimeSurvey’.

2.2 Learning goals

With this VR course, students should learn to perform a complete and structured skin
cancer screening with a whole-body skin examination and to evaluate skin lesions in
terms of their possible malignancy using the ABCDE rule (Friedman et al., 1985).

This rule, introduced by Robert Friedman in 1985, outlines that asymmetry (A),
border irregularity (B), color variegation (C), and a diameter generally greater than
6 mm (D) are key features that aid in the early diagnosis of malignant melanoma. In
2004, the rule was expanded to include "evolution" (E), which accounts for changes
in size, shape, color, surface features, or symptoms, recognizing the dynamic nature
of melanoma malignancy (Duarte et al., 2021).
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In the currently expanded German national learning catalog for medical school
(NKLM 2.0) (Medizinischer Fakultitentag, 2021) these goals are associated with
clinical-practical skills, i.e.

e VIII.7.-02: The graduate will apply examination skills in a manner that is situ-
ationally adequate, hygienically sound, and respectful to patients.

e VIII.7-02.1.15: They can perform a clinical examination of the skin and skin
appendages as part of the basic whole-body examination.

o Entrustable Professional Activity (EPA) 1, i.e., taking medical history and per-
forming a clinical examination (ten Cate, 2005; ten Cate, 2013).

2.3 Simulation task

During the simulation, the participants were instructed to act in the role of a med-
ical student in a dermatological practice, taking over a skin cancer screening from
their supervising dermatologist who was unable to attend due to an urgent call.
The participants were asked to perform a complete skin cancer screening and to
document any detected abnormalities on the virtual patient’s skin with photos
using a digital dermatoscope for a follow-up discussion. To focus on the detection
of the actual abnormalities, the number of possible savable pictures was limited
to five.

The location and presence of inconspicuous nevi and up to two malignant mel-
anomas (see Fig. 2) varied between simulation runs and was randomly chosen

(b)

Fig.2 Examples for a malignant melanoma (a) and nevus (b) in the VR application

@ Springer



Education and Information Technologies (2025) 30:5251-5282 5259

from limited sets of pre-defined distributions grouped into 5 cases at the begin-
ning of the simulation to prevent any memory effect among students:

e Case 1: 28 inconspicuous nevi, 1 malignant melanoma (head scalp)

e Case 2: 28 inconspicuous nevi, 2 malignant melanomas (back center and left
hip)

e Case 3: 28 inconspicuous nevi, 1 malignant melanoma (right foot sole)

e Case 4: 28 inconspicuous nevi, 2 malignant melanomas (left gluteal cheek and
left armpit)

e Case 5: 28 inconspicuous nevi, 1 malignant melanoma (head neckline).

The whole course design and application development phase with skin lesions
included qualitative feedback iterations with local dermatologists.

2.4 Questionnaires

The list of all questionnaires and their items can be found in Supplement 1.

Before the simulation started, we asked the students in the pre-VR question-
naire about demographic data, prior experience with VR and skin cancer screening,
theoretical knowledge about skin diseases, estimated suitability of VR as learning
method, their openness to embrace novel technologies, as well as their general self-
efficacy using the “Allgemeine Selbstwirksamkeit Kurzskala” (ASKU) question-
naire (Beierlein et al., 2012). The ASKU scale consists of three 5-Point Likert items
focusing on the reliance on one’s own abilities in difficult situations, independence
in problem-solving and the management of challenging tasks. Self-assessed agree-
ment with each item is rated on a scale from 1 (does not apply at all) to 5 (applies
completely). To obtain the ASKU score, the answers to the individual items of a test
person are averaged such that the resulting score varies between 1 (low self-efficacy)
and 5 (high self-efficacy) according to the authors’ guidelines.

Throughout the simulation, the student that was not currently acting in the VR
environment was able to monitor the examiner’s performance in VR on a screen and
filled out the observer questionnaire resembling an OSCE. This questionnaire acted
as a checklist to assess if all the elements of the dermatological full-body examina-
tion were performed, including considerations like patient privacy and medical his-
tory. Moreover, the sequence of the participant’s steps in the simulation was recorded.

Upon finishing the simulation, participants proceeded to complete the post-VR
questionnaire (see Fig. 1). Its components are described in the following:

The System Usability Scale (SUS) (Brooke, 1996) was used to assess the applica-
tion’s usability, which can broadly be defined as “general quality of the appropriate-
ness to a purpose of any particular artefact”. Based on its 10 Likert items, we calcu-
lated the resulting SUS score according to the author’s guidelines which spans from
0 (low usability) to 100 (high usability).

To assess cognitive load during the VR simulation, the Simulation Task Load
Index (SIM-TLX) (Harris et al., 2020) was applied which is based on 9 items rated
on a scale from O (very low) to 10 (very high). The final scores result from the sum
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of all ratings, while the last item’s rating is reversed, and has a possible range from 0
(low task load) to 90 (high task load).

To measure immersion in the simulation, we used the Reality Judgment and Pres-
ence Questionnaire (RJPQ) (Baiios et al., 2000). Its 18 items are grouped into three
factors: attention/absorption, reality judgment and external/internal correspondence.

Each item is rated on a scale from O (not at all) to 10 (absolutely). The final scores
for the three factors resulted from the averaged ratings on the respective items. Hav-
ing developed the virtual skin lesions by ourselves (as work of Leon Pielage, Uni-
versity of Miinster) using generative Al-based algorithms, we added one item on
their perceived realism using the same scale.

The term “Cybersickness” comprises symptoms such as nausea, headache or diz-
ziness due to a incongruence of vestibular (inner ear) and visual information which
can be experienced by VR users (Rebenitsch & Owen, 2016). We used a shortened
version of the Cybersickness in Virtual Reality (CSQ-VR) questionnaire (Kour-
tesis et al., 2023) to assess to which degree participants experienced any related
symptoms by rating their occurrence with one 7-Point Likert item (1 =not at all to
7 =extremely strong) and naming the symptoms experienced.

The last ten 5-Point Likert items of the post-VR questionnaire focused on course
evaluation and subjective learning outcomes (1=do not agree at all to S=fully agree).
The selection of questionnaires and additional items were carefully aggregated by the
co-authors in collaboration with the medical tr.Al.ning -consortium and partially derived
from the Training Evaluation Inventory (TEI) (Ritzmann et al., 2014) and the Learning
Experience Questionnaire (LEQ) (Gruber & Stromsten, 2021). At the end of the post-
VR questionnaire, participants were able to provide additional feedback through free text
answers which were evaluated in terms of content, i.e., positive, neutral or negative state-
ments as well as recommendations and translated from German into English.

2.5 Statistics

IBM SPSS Statistics Version 28.0.1.1 was used for descriptive statistics to illustrate the
composition of the study cohort and present the results regarding the defined research
questions. The application was also used for all other statistical analyses investigat-
ing differences between subgroups within the study cohort and correlations between
scores. A significance level of 0.05 was used for all statistical tests (two-tailed).

Chi-Square-Test of Independence and Homogeneity were used to analyze asso-
ciations between nominal variables. In case of expected frequencies below 5, Fish-
er’s exact test or Fisher-Freeman-Halton exact test (FFH) were used, depending on
the dimensions of the contingency table. In case of significant associations between
nominal variables, the Phi Coefficient ¢ (in case of two dichotomous variables) or
Cramér’s V (if one of the two nominal variables had more than two categories) were
computed to determine effect sizes and interpreted based on their absolute values
according to literature (small > 0.1, medium > 0.3, large > 0.5) (Cohen, 1988). Spear-
man-rho correlation r; was computed to check for monotonic associations between
ordinal variables and its effect size interpreted based on its absolute value according
to literature (weak > 0.1, moderate > 0.3, strong >0.5) (Cohen, 1988).
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To check for significant differences between groups considering ordinal variables
(such as responses to single Likert items) non-parametric tests were used depending
on the number of groups, i.e., the Mann—Whitney-U Test in case of two groups or the
Kruskal-Wallis-Test in case of three or more groups. In case of significant differences
between groups, effect size » was computed (Fritz et al., 2012) and interpreted based
on its absolute value according to literature (small>0.1, medium > 0.3, large >0.5)
(Cohen, 1988). The Wilcoxon-Signed-Rank-Test was used to check for significant
differences between repeated measures (paired samples) of ordinal variables.

The distribution of metrical variables, such as aggregated Likert scale scores
derived from several Likert items, were tested for both normality using the one-
sample Shapiro—Wilk test and variance homogeneity using the Levene’s test. If
both conditions were met, the parametric unpaired two-sample t-test was applied to
check for significant differences between groups. Otherwise, non-parametric tests
were used (Mann—Whitney U test or Kruskal-Wallis test). To check for significant
differences between age groups considering ordinal and metric variables, few age
range groups were pooled, i.e., 26 to 30 year-olds and 31 to 33 year-olds, to meet
the Kruskal-Wallis test’s requirement to have group sizes of at least 5 samples each.

Metric variables with normal distribution are presented as mean value with stand-
ard deviation, non-normal variables are reported as median value with interquartile
range (IQR). The distributions of normal and non-normal variables are visualized
using boxplots for the sake of uniformity.

3 Results
3.1 Pre-VR-questionnaires
3.1.1 Study population

In total, 58 medical students completed the simulation and the respective question-
naires with 35 female (60%) and 23 male participants (40%), a gender distribution
which is in line with both the cohort of a previous survey at our faculty (Mergen
et al., 2023b), Xz(l, N=58)=0.54, p=0.461, and the current distribution among
German medical students (Studierende der Medizin nach Geschlecht bis 2022/2023,
2023), XZ(I, N=58)=0.41, p=0.523. The participants’ age ranged from 22 to
34 years (Mdn=24, IQR=23-26) with more than half belonging to the group of
23-year-olds (n=19, 33%) and 24-year-olds (n=15, 26%). No significant differ-
ence was detected between genders in terms of age distribution, U=350, z=-0.86,
p=0.390. Most students were right-handed (n=54, 93%), while 3 were left-handed
and 1 person both-handed. This approximately resembles the ratio of right- and left-
handed people in Germany (Papadatou-Pastou et al., 2020).

3.1.2 Prior VR and skin cancer screening experience

Assessing prior VR experience, two thirds (n =38, 66%) claimed having used a head
mounted display (HMD) before our study at least once or rarely while 20 students
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(34%) reported they have never used HMDs. None of the participants claimed hav-
ing used HMDs on a regular basis.

60% (n=235) have already attended an educational format with VR. One par-
ticipant has visited such a course without wearing an HMD, while the opposite
case holds true for 4 students: they have used an HMD, but outside of an educa-
tional setting. A significant association of strong effect was detected between prior
VR-experience and prior participation in an educational format with VR, Xz(l,
N=58)=39.07, p<0.001, p=0.82.

Considering prior skin cancer screening experience, most students stated to only
possess theoretical background knowledge (n=35, 60%), followed by having no
knowledge at all (n=11, 19%) or having only observed an examination (n=9, 16%).
Three participants have performed the examination under supervision (n=3, 5%),
while none has performed a skin cancer screening without supervision.

3.1.3 Self-assessed competence and knowledge

Prior to engaging in the VR skin cancer screening simulation, an analysis of the
initial self-assessment responses from the cohort of 58 participants revealed the fol-
lowing insights:

A relevant proportion of participants lacked confidence in their competency to
perform the skin cancer screening, with 28 participants (48%) expressing their uncer-
tainty. Meanwhile, 15 participants (26%) adopted a neutral stance, and 5 participants
(9%) identified themselves as having limited competence in this area. Regarding self-
perceived theoretical knowledge of skin diseases, the participants’ responses varied:
14 participants (24%) agreed that they possessed sufficient knowledge, while 19
participants (33%) remained neutral, and a substantial proportion of 25 participants
(43%) disagreed. A significant moderate positive correlation was detected between
prior skin cancer screening experience and both the self-assessed competence,
r{(56)=0.40, p=0.002, and theoretical knowledge, r,(56)=0.36, p=0.005.

Prior to the VR simulation, most participants (n=40, 69%) perceived the VR for-
mat as a valuable tool for enhancing their competences. However, 11 participants
(19%) maintained neutral opinions, while 7 participants (12%) did not find the VR
format conducive to their learning needs.

However, a substantial number of participants (n=43, 74%) agreed to enjoy trying
out and using new technological advancements. A smaller fraction (n=7, 12%) did not
share this attitude. 8 participants (14%) were indifferent to this question. A significant
difference of medium effect was detected between male (mean rank of 37.13) and female
participants (mean rank of 24.49), U=227, z=-2.98, p=0.003, r(56)=0.40. Thus, male
participants were more likely to assess their openness to new technologies higher.

3.1.4 General self-efficacy (ASKU)
Regarding the participants’ assessed self-efficacy through ASKU, more than half
(n=31, 53%) believed in their ability to proficiently manage demanding and intri-

cate tasks. 25 participants (43%) partially agreed with this statement, while a minor
group of 2 participants (3%) expressed low agreement.
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In terms of their confidence in their ability to overcome challenges, 37 partici-
pants (64%) agreed that they could effectively navigate various problems on their
own. Concurrently, 19 participants (33%) held a partially affirmative perspective
on this matter, while a minor proportion of 2 participants (3%) indicated weak
confidence.

Considering their reliance on their abilities during demanding situations, 33 par-
ticipants (57%) were convinced by their skills, while 23 participants (40%) reported
a certain level of trust in their abilities, whereas 2 participants (3%) expressed low
certainty under such circumstances. None of the participants responded with “do not
agree” to any of the items.

Based upon the average score across the three items, we calculated the ASKU
score with a median score of 3.67 (IQR=3.00—4.00) (Fig. 3) with no significant
differences neither regarding gender, U=305.5, z=-1.59, p=0.111, nor age groups,
X2(5, N=58)=5.39, p=0.371. Nonetheless, we found strong positive significant

Fig. 3 Box plot for general self-

efficacy represented by ASKU GENERAL SELF-EFFICACY (N=58)
score as assessed by the study
participants 5.0 T s.00

4.5

4.0 4.00

3.5

ASKU Score

2.5

1.5

1.0

@ Springer



5264 Education and Information Technologies (2025) 30:5251-5282

correlations between the ASKU score and its three items accounting for high inter-
nal consistency, all r(56) >0.86, p <0.001.

3.2 Post-VR questionnaires
3.2.1 System Usability Scale (SUS) (RQ 1)

The average SUS Score among our cohort was 67.8 (SD = 14.0) with a median score
of 72.5 (IQR=57.5-77.5) (see Fig. 4) and without significant differences between
neither male and female participants, U=295.5, z=-1.18, p=0.726, nor prior VR
experience, U=427, z=0.80, p=0.224.

According to literature (Bangor et al., 2009), this score can be considered as D
grade, which means marginally high acceptable or respectively at the higher range
of the adjective ratings “OK” close to “GOOD” (see Fig. 5). A significant moderate

Fig.4 Box plot for system
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Fig.5 The average SUS score of 67.8 (SD=14.0) as assessed by the participants translates adjective rat-
ings between “OK” and close to “GOOD” according to literature (Bangor et al., 2009)

negative correlation was found regarding age, r(56) =-0.42, p <0.001. With higher
age, the SUS decreased. Another significant weak negative correlation revealed
between the SUS’s item on how safe participants felt using the system and previous
skin cancer experience, r(56)=-0.28, p=0.033. Female participants (mean rank of
33.09) were more likely than men (mean rank of 24.04) to agree to the item that they
would need the help of a tech savvy person to use the system with a significant dif-
ference of small effect, U=528, z=2.09, p=0.04, r=0.27. Detailed results consid-
ering more SUS items can be found in Supplement 1.

3.2.2 Cognitive load (SIM-TLX) (RQ 2)

The SIM-TLX score could be assumed to be normally distributed among our cohort
as assessed with the Shapiro—Wilk Test (W=0.985, p=0.697). The mean SIM-TLX
score of 26.19 (SD=10.5) indicated a medium task load (see Fig. 6). No signifi-
cant differences were observed between genders, #(56)=-0.24, p=0.813, between
age groups, X2(5, N=58)=6.03, p=0.304, or prior VR-experience, #(56)=1.83,
p=0.072.

The SIM-TLX score correlated strongly negatively with the SUS score,
r(56)=-0.69, p<0.001, as well as moderately negatively with the SUS’s item on
feeling confident using the system, r(56)=-0.31, p=0.019, and weakly negatively
with the SUS’s item on the openness to new technologies, r(56) =-0.27, p=0.040.

3.2.3 Immersion (RJPQ) (RQ 3)

Focusing on the attention/absorption score, the surveyed students (n=>58) answered
with a median score of 5.75 (IQR=4.69-7.06) (see Fig. 7A).

The reality judgment score revealed similar results with a median score of
4.94 (IQR=4.13-6.13) (see Fig. 7B). A slightly higher index was found exam-
ining the internal/external correspondence score with a median score of 6.42
(IQR=4.96-7.67) (see Fig. 7C). Regarding the latter score, a moderate negative
correlation was detected considering age, r(56)=-0.41, p=0.001, and there was
a significant difference of medium effect between students with (mean rank of

@ Springer



5266 Education and Information Technologies (2025) 30:5251-5282

Fig.6 Box plot for perceived
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21.63) and without (mean rank of 33.64) prior VR-experience, U=537.5, z=2.58,
p=0.010, r=0.34.

The realism of the self-developed skin lesions revealed a median score of 8
(IQR =6-9) with a significant difference of small effect between males (mean rank
of 24.17) and females (mean rank of 33), U=525, z=1.980, p=0.048, r=0.260.

3.2.4 Subjective learning outcomes after the VR simulation (RQ 4) and perceived
suitability (RQ 5)

53 participants (91%) agreed to having fun learning with our simulation (see Fig. 8)
and 54 (93%) considered the acquired competences useful for performing a skin
cancer screening. Nevertheless, the results’ variance of the self-assessed competence
was higher, with 25 (43%) stating that they feel confident, 16 (28%) neither agreeing
nor disagreeing and 17 (29%) perceiving themselves with a low competence. Still,
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Fig.7 Box plots for the scores representing attention/absorption (A), reality judgment (B) and internal/
external correspondence (C) as assessed by the participants through RJPQ

SELF-ASSESSMENT: PRE-VR VERSUS POST-VR (N=58)
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Fig. 8 Bar charts representing self-assessments and perceived benefit by the participants pre- and post-
VR

51 (88%) students gave positive feedback about the suitability of the VR simulation
for future skin cancer screenings and 41 (71%) consider VR technology as appropri-
ate for learning a dermatological whole-body examination. Considering age, weak
negative correlations were detected with both—enjoyment of learning with the sim-
ulation, r(56)=-0.27, p=0.043, and assessment of the appropriateness of the simu-
lation to learn a full-body dermatological examination, r,(56)=-0.30, p=0.023.
Almost all participants were satisfied with the amount of help received if needed
during the simulation (n=55, 95%) and most evaluated the course as engagingly
challenging (n=46, 79%). Furthermore, the possibility to test procedures that are
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required in future clinical practice was positively rated by 49 students (85%) and 39
(67%) expect long-term knowledge retention. Overall, 46 students (79%) considered
the time invested in the VR simulation as useful.

Comparing pre-post-test scores, we found a significant difference of large effect
regarding self-assessed competence in performing a skin cancer screening before
(median score of 2 (IQR 2-3)) versus after the simulation (median score of 3 (IQR
2-4)), z=0.75, p<0.001, r=0.68.

3.2.5 Observer questionnaire (RQ 5)

During our simulation, participants engaged in pairs of two, with one student start-
ing with the examination in VR and the other as an observer, resulting in 30 initial
examiners and 28 initial observers. In case of uneven group sizes, one of the techni-
cal assistants took over the role of the observer and completed the corresponding
questionnaire.

As specified above, the pre-defined five different cases were assigned randomly to
the participants, i.e., case 1 (n=9, 16%), case 2 (n=14, 24%), case 3 (n=13, 22%),
case 4 (n=11, 19%) and case 5 (n=11, 19%). To prevent any bias from unbal-
anced case distribution, we checked for any significant dependence between case
distribution and subgroups within our cohort which could not be statistically con-
firmed. Thus, the case distribution could be assumed to be independent of gender,
FFH=5.39, p=0.251, age, X2(4, N=58)=3.31, p=0.508, prior VR experience,
FFH=3.10, p=0.581, prior skin cancer screening experience X2(4, N=58)=0.15,
p=0.997, and order of the observer, FFH=2.00, p=0.785.

The most frequently missed examination steps included neglecting to close the
sliding door of the examination room to protect the patient’s privacy (n=23, 47%)
and omitting hand disinfection/wearing gloves (n=20, 35%). A significant differ-
ence of medium effect was detected between participants taking over the examiner
role first (n=9, 30% closed the door) and those observing first (n=22, 79% closed
the door), Xz(l, N=58)=13.73, p<0.001, ¢=0.49. Similarly, less of the initially
examining participants (=11, 37%) remembered hand disinfection/gloves in con-
trast to the initially observing participants (n=27, 96%) marked by a significant dif-
ference of large effect, Xz(l, N=58)=22.90, p<0.001, p=0.63. Considering these
two tasks, no significant differences were observed regarding gender, age, or prior
experience in skin cancer examination.

Conversely, consistent adherence was observed in taking the patient’s medical
history in terms of covering e.g., pre-existing conditions, allergies and medication.
Additionally, throughout the examination, tasks like utilizing the dermatoscope and
photo documentation were consistently executed by all participants. All other exam-
ination steps, including to obtain agreement in the examination as well as noticing
and describing skin lesions, were performed by between 91 and 98% of the students.

3.2.6 Simulation task completion (RQ 5)

Independently of the observer questionnaire, we evaluated how many of the par-
ticipants detected and took a photo of the actual malignant melanomas present in
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each of the five cases. 45 students (78%) documented all present malignant mela-
nomas, whereas 13 (22%) missed one. This ratio was statistically independent of
gender, x*(1, N=58)=0.55, p=0.534, age, x*(1, N=58)=0.37, p=0.546, prior
VR experience, p=0.534, prior skin cancer screening experience, U=312, z=0.41,
p=0.679, and order of the observer, Xz(l, N=58)=0.55, p=0.534. However, a sig-
nificant association of strong effect was detected between missed melanomas and
the case number, FFH=18.52, p <0.001, Cramer’s V=0.62. The highest percentage
of missed melanoma occurred in case 4 (n=38, 73%), in which two melanomas were
present. The missed melanoma located under the left armpit was the same among all
participants. In contrast, none of the malignant melanomas on the head were missed
(case 1 and 5). In case 2, 2 out of 14 participants (14%) missed the melanoma on the
left hip while 3 out of 13 participants (23%) missed the melanoma on the right foot
sole in case 3.

3.2.7 Cybersickness (RQ 6)

In our cohort, less than half of the participants reported no symptoms of cybersick-
ness after the simulation at all (n=23, 40%). The remaining participants assessed
very few (n=12, 21%), few (n=11, 19%), moderate (n=7, 12%), strong (n=4,
7%), and very strong side effects (n=1, 2%). Among those participants, mentioned
symptoms covered mainly dizziness (n=17, 49%), nausea (n=6, 17%), headache
(n=3, 9%), watery/tired eyes (n=2, 6%), blurred vision (n=1, 3%), panic (n=1,
3%), loss of orientation (n=1, 3%), and a self-described phenomenon of a “strange
feeling in head” (n=1, 3%). The median intensity of side effects reported was 2
(IQR 1-3) which equals ‘few side effects’. A weak positive correlation among ages,
r(56)=0.30, p=0.023, and a significant difference of medium effect between par-
ticipants with (mean rank of 23.87) and without VR experience (mean rank of 40.2)
was detected, U=166, z=-3.650, p<0.001, r=0.48. The intensity of experienced
cybersickness correlated strongly positively with the SIM-TLX score, r,(56)=0.56,
p <0.001, and moderately negatively with the SUS score, r(56)=-0.46, p <0.001.

3.2.8 Feedback comments

The end of the post-simulation questionnaire enabled participants to provide us with
free text feedback which were received from 16 participants (19%).

Positive comments emphasized subjective knowledge gain and fun during the
simulation. Furthermore, the students appreciated the quality of skin lesions and the
discussions with a dermatologist on the findings as follow-up to the simulation.

“It was a lot of fun. A great change from traditional learning” (male, 23 years).

“The skin findings were very good, in the outpatient clinic you would not be
able to see the nevi so well.” (female, 23 years).

“Really great! Thank you for organizing the seminar! Definitely learnt a lot
and it was also a lot of fun.” (female, 24 years).
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Neutral responses contained both praise and criticism or requests.

“Very long introduction, but I wouldn’t be able to cope well with the simu-
lation without an introduction.” (female, 23 years).

“It was fun but also time consuming.” (female, 25 years).

“I think the learning format with the VR glasses is very good, but I think
it’s better to learn a screening on a real patient. However, I think it’s an
extremely good medium for other learning content.” (female, 24 years).

Negative comments mainly covered technical limitations, such as bumpy
vision, annoying cable or the lack of certain examination possibilities.

“Mucous membranes [could] not be seen.” (female, 23 years).
“Slightly shaky image.” (female, 23 years).

“[Please] not as a compulsory event.” (male, 31 years).

Some students gave recommendations, e.g., using other game engines, the
ability to directly interact with the patients’ body parts, less guided history tak-
ing or more body regions to be examinable, e.g., mouth cavity or interdigits.

“Is the Unreal Engine 5 perhaps better in terms of graphics [than Unity]?”
(male, 34 years).

“Define and communicate the position of other people in the room before-
hand as an orientation aid.” (female, 24 years).

“Fewer predefined answers. Unlock more examination locations.” (female,
24 years).

4 Discussion

Due to the lack of available practical courses for teaching and practicing skin
cancer screening, our research design aimed to capture the initial reactions and
immediate outcomes of using a VR simulation to fill this gap in dermatological
education. This study represents an evaluation of a self-developed VR scenario
created exclusively with academic partners. Consequently, assessing usabil-
ity, immersion, task load, user acceptance and experience was crucial for the
developers to understand and explore the potential and limitations of this novel
approach.
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4.1 VR-Experience, suitability and self-efficacy

Our study revealed that around two-thirds of participants had some prior HMD-
based VR experience, but none of them regularly. A significant association was
observed between overall prior VR experience and participation in VR educational
courses. In a previous study (Mergen et al., 2023b) only 32.5% had reported prior
VR experience. The increase is partly explainable by the integration of a VR course
in the preceding semester that is part of the neurosurgical curriculum, in which
32.8% of our cohort had also participated. While being VR-naive can impede per-
sonal learning experience (Hamilton et al., 2021), this increase is one example of
VR being utilized more frequently in medical education, which ultimately enhances
familiarity with its controls and overarching concepts, thereby shifting the focus of
interventional studies towards the accurate measurement of the actual constructs.

A majority of our cohort reported having only theoretical knowledge about skin
cancer screening. Only few have observed or conducted the procedure under super-
vision, which highlights the practical gap concerning this important clinical skill.
Furthermore, this is also supported by the initial self-assessment which indicated
that about half of the students lacked confidence in performing skin cancer screen-
ings. A relevant number of melanomas is diagnosed accidentally, which is why all
physicians should be aware of the basic rules to recognize and differentiate between
benign and malignant skin lesions (Omara et al., 2020).

Before conducting the simulation, around 70% found VR suitable for learning
skin cancer screening which slightly increased after the simulation, indicating the
usefulness of VR as an educational tool even at this early development stage. As
part of a preceding survey conducted at our medical faculty, students were asked
on the potential of integrating VR into the curricula of clinical subjects (Mergen
et al., 2023b) of which dermatology in contrast was voted for by only 20%. The stu-
dents’ perceptions might be biased by currently available VR programs and respec-
tive research, which mainly focus on surgical procedures (Co et al., 2023; Ntakakis
et al., 2023), missing other use cases like training skin cancer screening.

The participants of our study were at a late stage of their medical training but
assessed their general self-efficacy rather low. Compared to the reference values
described by Beierlein et al. (2012), the average self-efficacy score is similar to
those of a cohort with a low degree of education. This indicates rather inferior
self-confidence and trust in one’s own abilities of our cohort of prospective medi-
cal doctors who are about to graduate. Moreover, such low self-assessment does
not coincide with the Dunning Kruger effect that rather expects overestimations
and is often mentioned in critics against studies examining self-assessment (Dun-
ning et al., 2003; Kruger & Dunning, 1999). However, the low scores might be
biased by having the following skin cancer screening in mind while responding
to the ASKU items, although the questionnaire’s items focus on handling difficult
tasks and situations in general without referring to a specific topic. Nevertheless,
these results indicate that medical students do not feel well trained and prepared,
supporting the fact that medical school is still focusing too much on theoretical
knowledge and too little on practical clinical skills, such as decision-making. As
one initiative accounting for this circumstance, the German stakeholders agreed
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in 2017 on the “Masterplan for medical schools 2020” (Wissenschaftsrat, 2018)
aiming to enhance competence-based concepts for education of health profes-
sionals with revised learning objectives (Medizinischer Fakultdtentag, 2021) that
emphasizes training of soft and social skills among other crucial changes to the
curricula.

4.2 Usability, task load, immersion and presence

When implementing a new application for teaching important skills, it is crucial
to not limit its potential and acceptance by usability problems. With an aver-
age SUS score of 67.8 (SD=14.0), our simulation received an already accept-
able rating comparable with that reported by Junga & Schmidle et al. (M =70.9,
SD=15.5) (Junga, Schmidle et al., 2024), still leaving room for improvement.
The main concerns covered lack of confidence using the system and the need for
help of technical support during the simulation (see Supplement 1). Considering
this application is a first prototype and after collecting valuable feedback, we will
re-evaluate usability in follow-up studies.

Cognitive task load has been rather low with a mean SIM-TLX score of 26.2
(D =10.5) in this study, which is comparable with the value reported by Junga &
Schmidle et al. (M =27.7, SD=13.4) (Junga, Schmidle et al., 2024).

Literature shows that learning suffers, when task load is too high (Favre-Félix
et al., 2022). Still, it is important to challenge the students adequately to gener-
ate a long-term influence on skill development (Guadagnoli et al., 2012; Nelson
& Eliasz, 2023) The issue of determining the so-called Optimal-Challenge Point
(OCP) is part of current discussions in literature (Nkulu-Ily, 2023).

Oversimplifications of actual reality are thought to inadequately prepare train-
ees for real life scenarios (Bui et al., 2021). However, VR simulations today often
focus on single tasks leaving out many other components that contribute to a real
clinical case (Robinson et al., 2017). Currently, e.g., virtual patients’ expressions
are not complex enough to resemble real human behavior, which makes creating
adequately stimulating VR scenarios very challenging.

Furthermore, we found a strong negative correlation between the SIM-TLX
and SUS scores indicating that bad usability could lead to high task load and
vice versa, emphasizing the need for a good user experience as baseline for pro-
viding real added value. In addition, our results reveal that a higher apprecia-
tion of exploring new technologies and a higher perceived confidence in using the
application were linked to smaller task load accounting once more for the obliga-
tory familiarization of medical students with VR to enhance its usefulness. Sur-
prisingly, no significant differences were detected between VR-experienced and
VR-naive participants regarding SUS and SIM-TLX score. This could be at least
partially explained by the fact that even VR-experienced users in our cohort have
not used VR on a regular basis. However, the average SIM-TLX score of VR-
experienced participants was still lower (M =24.4, SD=9.8) than the VR-naive
participant’s score, respectively (M =29.6, SD=11.2).
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In general, we argue that VR courses might reduce extraneous cognitive load by
providing information visually and interactively and therefore leading to better pre-
paring the students for their clinical practice.

Considering the sense of immersion and realism (RJPQ), our simulation was val-
ued slightly above average on a rating from O (not at all) to 10 (absolutely). There
is clear evidence that the level of presence in a VR environment influences behavior
(Slater, 2009). Furthermore, the sense of immersion and presence increases as an
outcome of training in VR (Gamito et al., 2010), which benefits the Situated Learn-
ing Theory (Lave & Wenger, 1991). Reference values for the RIPQ scores would
be of high interest for further evaluations. Considering that our skin cancer screen-
ing course was for many participants as well as our faculty the first course with
VR components, chances are that RIPQ scores will increase with further similar
courses alongside experience. Junga & Schmidle et al. reported the mean values for
the ordinal variables reality judgment (M=4.82, SD=2.01), internal/external cor-
respondence (M =5.27, SD=1.70), and attention/ absorption (M =5.76, SD=1.95)
(Junga, Schmidle et al., 2024), which are not directly comparable with the median
scores we computed, i.e. Mdn=4.94 (IQR 4.13-6.13), Mdn=6.42 (IQR 4.96-7.67),
and Mdn=5.75 (IQR 4.69-7.06) respectively. A significant difference was found
between VR-experienced and VR-naive participants regarding external and internal
correspondence, which refers to how realistically actions and movements in the real
world are represented in VR. Fast progress and new advancements in Al technology
have been shown to allow for augmentation of educational scenarios contributing
to more realistic experiences (Chheang et al., 2024; Nagi et al., 2023). The poten-
tial of Al is demonstrated by the fact that our Al-based depictions of melanomas
were rated as very realistic according to the study participants. Nonetheless, despite
qualitative feedback iterations with dermatologists during the development phase of
the application, the discussed quantitative evaluation is only based on the participat-
ing medical students. Quantitative experts’ evaluations of the skin lesions will be
included in prospective studies and are recommendable for similar VR-based train-
ing scenarios. Junga & Schmidle et al. reported a mean value for the ordinal vari-
able realism of the self-developed skin lesions (M =6.48, SD=2.26), whereas we
reported a median score of 8 (IQR=6-9), thus results are not directly comparable
(Junga, Schmidle et al., 2024).

4.3 Subjective learning outcome

Constructivist Learning has been shown to improve clinical skills (Thampinathan,
2022). With our simulation we followed this approach by immersing the students
in the role of a physician that is responsible for a virtual patient in a face-to-face
interaction. In addition, gamification concepts can benefit skill acquisitions (Sey-
mour et al.,, 2023) and are already used in the context of dermatological training
(Szeto et al., 2021). Ratings on the subjects’ fun and usefulness of the VR course
were high, and a considerable number of students felt more competent in skin cancer
screening after the simulation, which is demonstrated by a significant difference of
large effect considering the respective pre- and post-VR response. Junga & Schmidle
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et al. reported a respective significant difference as well before and after training
(Junga, Schmidle et al., 2024). According to a study of Gulbrandsen et al. (2013),
such results can positively correlate with actual performance, even years after the
intervention (Gulbrandsen et al., 2013). As with general self-efficacy, the initially
low self-assessment of competences does not indicate the presence of the Dunning-
Kruger effect (Dunning et al., 2003; Kruger & Dunning, 1999). As the evaluation of
long-time retention of acquired knowledge and skills is crucial for the appropriate-
ness of teaching methods, this will be subject of prospective investigations.

4.4 Enhanced learning through observation

Using the elucidated concept of mutual observation during the examination, we
ensured three aspects: Firstly, we could increase learning perspectives by guarantee-
ing that the students had to engage in three different ways in the practical course—
from an audience perspective during the introduction to skin cancer screening
through the dermatologist, from a first-person perspective as examiner and once
from an observer’s perspective reviewing the examiner’s performance.

The questions of the observer’s checklist followed a systematically structured
order on the steps of a complete skin cancer screening. The student that took the
observer role first could therefore immediately bring their newly gained knowledge
to practice while the other student could benefit from the repetition after the simula-
tion. Secondly, this questionnaire provided a form of performance measurement that
resembles aspects of an OSCE. Lastly, we compensated for the limited amounts of
simultaneously usable HMDs. Since every HMD needed a separate room, the num-
ber of parallel sessions was limited to three in our study. This strategy is further sup-
ported by the Experiential Learning Theory (Kolb, 1984), as it provides a concrete
experience in combination with observation and experimentation. In this aspect, our
course design differs from that of Junga & Schmidle et al., where participants con-
ducted the simulation alone, receiving instructions and technical assistance via an
intercom system (Junga, Schmidle et al., 2024). In contrast to the latter, we provided
technical help directly in the room through the presence of study assistants.

In future studies, to extend the results of the external evaluation in a more detailed
fashion, Direct Observation of Procedural Skills (DOPES) could be used as demon-
strated by Yi-Ping Chao et al. (Chao et al., 2023). when examining the effectiveness
of 360° videos in history and physical examination training.

Interestingly, the most frequently forgotten examination steps were not part of
the actual skin cancer screening, but rather related to general principles of patient
management, such as closing the door to ensure privacy or hygiene, i.e., disinfect
hands/wear gloves. Interpretation of these results are two-fold. On the one hand, stu-
dents might lack these skills, emphasizing the need for training them, e.g., through
VR courses. On the other hand, it remains unclear if students had performed these
steps in a real-world clinical setting due to situational realism. To account for this,
we tested for significant differences between participants who remembered or omit-
ted these steps in terms of their RJIPQ scores as indicators of perceived immersion:
remarkably, none was detected, supporting the first hypothesis.
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4.5 Cybersickness

One major possible flaw of VR simulations is the phenomenon of cybersickness.
Its occurrence needs to be assessed because it can significantly reduce user expe-
rience and therefore overall course-quality (Chandra et al., 2022). In agreement
with another study, the intensity of cybersickness strongly correlated with expe-
rienced cognitive task load, which therefore had a negative impact (Hsin et al.,
2023). Additionally, increased cybersickness was significantly associated with a
poorer usability rating. Large parts of our cohort did not report any respective
issues, whereas a still considerable number reported dizziness, nausea, or head-
ache, which are most common symptoms of cybersickness reported in literature
(Caserman et al., 2021). Junga & Schmidle et al. reported the mean value for
the ordinal variable intensity of cybersickness (M =2.0, SD=1.3), whereas we
reported the median and IQR (Mdn=2, IQR 1-3), thus we could not directly
compare our results with theirs (Junga, Schmidle et al., 2024). Remarkably, per-
ceived intensity of cybersickness seemed to increase with age in our cohort while
participants with prior VR experience described less severe intensity compared
to VR-naive students. The role of age indeed is of interest for further investiga-
tions, as negative correlations with system usability, immersion, the enjoyment
and positive assessment of the appropriateness of VR were observed among our
cohort, as described earlier.

Even though these sensations can create discomfort in few individuals,
research shows that the benefits of immersive VR usage outweigh the risk of
cybersickness (Drazich et al., 2023). Furthermore, there are concrete approaches
to reduce these symptoms, such as minimizing latency, increasing framerate, or
avoiding flickering (Chandra et al., 2022).

4.6 Feedback comments

The received feedback turned out to be very appreciative, which is in line with
a previous conducted survey showing a strong affinity towards VR integration
(Mergen, et al., 2023b). Nonetheless, there is room for improvement, especially
considering technical aspects. Improving graphics, interaction and expanding
the range of diagnostic possibilities will further enhance user experience. Even
though evaluating free text answers is not standardized like quantitative data, it
adds a lot of value to the overall insight of the students’ opinions, especially in
this early development stage. Therefore, we recommend including this aspect in
form of free text answers, structured interviews or focus groups for all courses
and educational applications using VR. Corresponding recommendations for
analyzing qualitative research data should be taken into account when develop-
ing questions for structured interviews or focus groups and analyzing responses
(Bryda & Costa, 2023).
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4.7 Strengths and limitations of this study

This study was conducted at the Medical Faculty of Saarland University imple-
mented in the mandatory dermatological practical course. Therefore, selection
bias, e.g., in the form of only selecting participants who are interested in VR, was
avoided. In addition, the cohort resembled the current demographic statistics of
medical students in Germany, making the results reliable and representative.

Throughout the pre- and post-VR simulation surveys, we focused on using estab-
lished questionnaires to provide valid outcomes. Partly, shortened versions of origi-
nal questionnaire versions were used (e.g., RIPQ, SIM-TLX, CSQ-VR) in agreement
with either outcomes from corresponding publications (Bafios et al., 2000; Harris
et al., 2020) or due to overlapping aspects covered by the items considering the total
length of post-simulation questionnaire items. The original rating scale of SIM-TLX
was reduced from 0-20 to 0—10 due to unification in our study. However, we argue
that this range is likely to appropriately capture the self-assessments in a differenti-
ated way as well. Furthermore, we designed our own self-assessment items partially
based on already existing questionnaires as well (LEQ, TEI).

Different concepts, such as the Technology Acceptance Model (TAM) by Davis
et al. (Davis, 1989), which consists of the aspects “Perceived Usefulness (PU)” and
“Perceived Ease of Use (PEU)” could be of further interest for future evaluations.

While we used Spearman’s correlation coefficient to examine monotonic relation-
ships among variables, we acknowledge that this approach does not allow for the
exploration of more complex interrelationships, such as those involving latent vari-
ables or indirect effects, which could be examined, e.g., using Structural Equation
Modeling (SEM). However, since SEM typically requires a larger sample size to
produce reliable and stable estimates, future research with a larger cohort should
consider them to explore these complex relationships for deeper insights into the
dynamics among the variables studied. Since the 5 examination cases were ran-
domly assigned to the students at the beginning of each simulation with the same
probability, a recall error was avoided because the student who first observed and
the student who first examined were confronted with malignant melanomas and nevi
at different sites.

We acknowledge the subjective nature of self-reported data. Nonetheless, we
argue that the students had no incentive for not answering to the best of their estima-
tion, since all the data were pseudonymized and no grade was tied to the students’
performance or answers. Following the scope of a feasibility study that primarily
addressed subjective learning outcomes and users’ opinions, we consider the used
questionnaires as appropriate for answering our research questions. To objectify
assessments, future studies could compare the students’ exam grades with their per-
formance in VR or a short test about theoretical knowledge could be done prior to
and after the simulation. Especially the examination of long-term retention of the
acquired knowledge will be of high interest in prospective study designs, as well as
clinical transferability of the skills acquired in VR.

Skin cancer screening has so far only been taught in theoretical form as subject
of corresponding dermatology lectures. However, the examination process of a
skin cancer screening itself could not be addressed by traditional teaching methods.
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Thus, despite being an interesting research question, direct comparisons between
traditional teaching and VR-based learning are not feasible at this stage. This VR
course represents a pioneering approach, offering a novel and essential addition to
the dermatology curriculum.

The simulation itself has been developed by the medical tr.Al.ning - consor-
tium, which consists of experienced 3D designers, Al experts and medical didac-
tic experts. To the best of our knowledge this is the only interdisciplinary VR and
Al project focusing on medical education that follows a small iteration strategy by
early implementation of the prototypes into medical curricula. With this strategy we
ensure valuable feedback by the actual users and clinical experts to further improve
the simulation.

Standardized guidelines for the evaluation of VR applications for medical edu-
cation are still lacking and highly demanded according to literature (Kim & Kim,
2023; Mergen et al., 2024; Walter et al., 2021; Wu et al., 2022), they could not be
considered for this work. However, this feasibility study provides crucial outcomes
for the follow-up developments and extensions to this new approach and offers
insights for similar VR-based training concepts.

5 Conclusions

Despite the benefits for patients, medical students hardly have the possibility to
actively practice a complete skin cancer screening in medical school during their
studies to date. This highlights the great potential of supplementing training with
VR simulations, also considering patient comfort and privacy which are natural
and ethical limits during shadowing and simulations with actors. We conducted a
feasibility study to investigate the students’ acceptance, evaluation of usability and
self-assessments considering the suitability of VR for training essential medical
skills, after having them perform a complete skin cancer screening in VR. The study
results demonstrate a strong positive attitude with a significant increase in perceived
self-competence in performing a skin cancer screening. This emphasizes the high
potential of benefit of such practical VR-courses in medical education, while simul-
taneously pointing out possible ways of improvement to be addressed accordingly,
e.g., considering usability and cybersickness.

Our findings suggest that prior experience with skin cancer screening positively
influences self-assessed competence and knowledge on this subject. Age emerged
as a critical factor, with older participants assessing lower usability scores, reduced
enjoyment and appropriateness ratings for the simulation. Gender differences were
also noted considering need for technical help during the simulation and openness
to new technologies. A negative correlation between task load and usability under-
scores the importance of optimizing for a better user experience. Higher intensity
of cybersickness was associated with higher cognitive task load and lower usability
ratings. Since this study indicated the feasibility of integrating VR into medical cur-
ricula, further dissemination is planned after the implementation of improvements in
the application. Follow-up studies are planned for validation and verification of our
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findings. This work can serve as an example for how to close gaps in medical educa-
tion successfully with VR-assisted courses and how to evaluate crucial aspects of
feasibility in this context.
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