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Abstract

Background: Digital games–based learning is a method of using digital games to impart knowledge. Virtual reality (VR)
programs are a practical application of this method. Due to demographic changes, the nursing profession will become increasingly
important. These VR applications can be of use in training nurses for future professional challenges they may encounter. The
continuous development of VR applications enables trainees to encounter simulated real life effectively and to experience
increasingly concrete situations. This can be of great importance in nursing education, since 3-dimensionality enables a better
visualization of many fields of activity and can prevent potential future errors. In addition to this learning effect, VR applications
also bring an element of fun to learning.

Objective: The aim of this qualitative research effort is to observe the degree of acceptance of VR applications by nursing
students in Germany. Various factors, including social influences, performance expectations, and effort expectations, are taken
into consideration.

Methods: With a qualitative cohort study, the acceptance of nursing students towards VR applications in anatomy teaching was
determined. The 12 participants were first asked to fill out a quantitative questionnaire on their sociodemographic characteristics
and the extent to which they valued and liked using technology. The participants were then allowed to test the VR application
themselves and were finally asked about their experience in a qualitative interview. For the collection of data and the analysis of
results, the unified theory of acceptance and use of technology was used in this study.

Results: Overall, the study shows that the interviewed persons rated the VR application quite positively. The greatest influence
in this was the personal attitude towards technology; the higher this affinity is, the more useful the VR application appears. Social
influences can also increase the participant’s own acceptance if peers have a positive attitude towards such applications. The
study shows that the trainees' motivation to learn was increased by using VR. We believe this is because each trainee could learn
individually and the VR application was perceived as an enjoyable activity. Nevertheless, the cost factor of implementing VR
applications in nursing training is currently still an obstacle, as not every institution has such financial capacities.

Conclusions: The extent to which the use of VR applications in the training of nursing staff is justified depends on the degree
of personal acceptance. The collected results give good practice-oriented insight into the attitude of trainees towards VR. Many
of the interviewed persons saw benefits in the use of VR technologies. As VR applications are constantly developing, it is necessary
to conduct further studies on VR applications in nursing education and to include other possible disciplines in which these
applications can be helpful.
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Introduction

Nursing or health care support staff work mainly in hospitals,
outpatient facilities, and (partially) inpatient facilities [1]. The
conditions of the profession and training are regulated by law,
as well as the terms “nurses” and “health care professionals”
themselves, who are responsible for general care. The vocational
training usually takes about 3 years and consists of theoretical
as well as practical content, concluding with a state exam [2].
However, the training places have some leeway in regard to the
implementation of the external conditions [3]. The 2017 Nursing
Professions Act (Pflegeberufe Reformgesetz) called for a merger
of the nursing care law (Krankenpflegegesetz) with the geriatric
care law (Altenpflegegesetz) from 2020 onwards [4]. Geriatric
care, nursing care, and pediatric care are to be part of a
generalized apprenticeship and nurses are to be asserted as care
experts [4]. Nowadays, the work density, growing bureaucracy,
working time regulations, and many other factors increase the
burden on nurses [5]. It is difficult to recruit nursing trainees
[6]. In addition, the demographic change intensifies this
situation. Due to a change in the age structure in society, the
amount of elderly people in proportion to young people is
increasing. Because illnesses are associated with age, an increase
of chronic and multimorbid illnesses is to be expected, while
at the same time a decline of the working population takes place
[7]. There is also a higher need for qualified nurses, which is
partially being covered by untrained staff [1]. In order to prepare
future nurses for oncoming challenges, it is important to have
a qualitative apprenticeship. Content should be as optimized as
possible and be passed on to a wide range of students. It is also
important to offer attractive terms and conditions in order to
win new trainees.

One possibility to do so is by integrating games into the learning
process. As Zupanic et al [8] discovered, almost every trainee
in the health care sector uses electronic learning. Therefore,
there are different concepts regarding the transfer of information
through playful elements. This way, the motivation to learn
increases and the player is stimulated [9,10]. The primary
function of gaming is not information transfer but influencing
thought and action [11]. When taking into consideration which
of the current teaching and learning methods are attractive, it
is important to note the progress in society as well as in
technology. A suitable principle is digital game-based learning,
wherein the learning content is transmitted based on a game or
simulation under the usage of digital media. For example, this
is realized through serious games (SG) [9]. In this, the
educational goal comes before the entertainment goal [10].
Additionally, it should be mentioned that the combination of
entertainment and learning was present even before and without
the use of technology [12].

Serious games have drawn the interest of the health sciences
because of their interactive as well as entertaining properties
[13]. Breuer and Schmitt [12] formulated 3 fields of application
to discuss the effectiveness and significance of SG: preventive
health promotion, support of healing processes, and the
education of qualified personnel. The results seem positive at
first, but there is some caution to be taken due to the wide range
of SG and the varying degrees of quality, as well as the missing

research on long-term effects. Furthermore, the effectiveness
is dependent on the set goal [12]. Nonetheless, SG appear to
bring along some advantages when it comes to learning [13].
Graafland et al [14] and Wang et al [15] have made some
reviews in this regard.

Some SG make use of virtual reality (VR). This is to be
understood as interactive models of reality that are simulated
by computer technology. An interactive 3-dimensional (3D)
gaming environment is created and becomes perceptible with
the appropriate technological equipment (VR glasses, computer,
smartphone) [15]. Hellriegel and Čubela [16] see the potential
learning success of VR in the field of education. However, it is
important to note that the usage of these technologies should
be incorporated meaningfully into the lessons [16]. Barré et al
[17] investigated the effects that learning a new technique with
VR had on novice surgeons. They observed an improvement in
the workload of the test persons. Schlegel and Weber [18] tested
a nursing education class in VR and particularly emphasized
the enjoyment of the students.

It is crucial to analyze the processes of technology acceptance
to understand the factors of usability and acceptance. Bracq et
al [19] investigated the acceptance and usability of a VR
simulation for training purposes of scrub nurses. Results showed
that it was accepted and suitable for vocational training.

The objective of this study is to investigate the acceptance
behavior of the nursing students towards VR applications. Our
research questions are: (1) To what extent does VR support
learning in nursing education? (2) What factors influence
acceptance and use of VR applications in nursing education?
(3) How does the individual’s technical affinity influence the
acceptance of VR applications? (4) In what way is the
motivation to learn influenced?

Methods

Overview
The aim of the study was to examine the acceptability of VR
applications among nursing students in the context of teaching
and practicing human anatomy.

Qualitative, semistructured, and open interviews based on the
unified theory of acceptance and use of technology (UTAUT2)
were conducted. The theory helps to understand and depict the
driving factors for usability and acceptance of technology [20].
After extension, the unified theory established 7 key constructs
that influence technology use [21]. It defined performance
expectancy as the degree to which using a technology will
provide benefits to users in performing certain activities. Effort
expectancy was defined as the degree of ease associated with
consumers’ use of technology [21]. The extent to which
consumers perceive that family members believe they should
use a particular technology was defined as social influence.
Facilitating conditions relate to the consumers' perceptions of
the resources and support available to implement a behavior
[21]. The extended UTAUT2 model includes 3 more
determinants: (1) hedonic motivation, which is defined as the
fun or pleasure derived from using a technology, (2) the price
value, which is defined as the consumers’ cognitive trade-off
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between the perceived benefits of the technology use and the
monetary cost, and (3) the habit, which is defined as the extent
to which people tend to perform behaviors automatically because
of learning [21].

The price value and habit determinants were not included in the
qualitative interviews because monetary costs for the application
as well as the habit were not relevant for this study, as there
were no interviews with decision makers relating to costs. The
main focus was evaluating the circumstances of acceptability
of the application.

The VR application that was worked with is a realistic 3D
simulation of the human body and its anatomy. It is intended
to visualize organs and their natural functions in both a healthy

and sick condition (Figure 1). Physiology and state of disease
can be simulated. Due to data protection reasons, the name of
the application will not be mentioned.

Participants had free access to the testing of the application for
the circumstances of the trial.

Figure 2 shows the UTAUT categories in detail. In a
semistructured interview (Table 1), open questions regarding
performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, and recommended
actions and circumstances of reutilization of the VR application
were asked. The questions were formulated openly so that
participants could share their experiences and opinions in a
storytelling way.

Figure 1. Self-created picture inside a lung.

Figure 2. Modified unified theory of acceptance and use of technology.
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Table 1. Categories classified.

DefinitionClassification Category

The extent to which the use of a technology benefits consumers in carrying
out certain activities (educational or professional)

Performance expectancy

The extent of ease associated with the use of an information systemEffort expectancy

The extent to which an individual perceives that key stakeholders believe
they should use the new technology

Social influence

The extent to which the use of a technology provides fun or enjoymentHedonic motivation

The extent to which consumers are aware of the resources and support
available to implement a scheme

Facilitating conditions

The extent to which gender, age, and culture influence the use of the
technology

Sociodemographic facts

Quantitative variables were assessed through a questionnaire,
which included sociodemographic information (Table 2) and
the Technikaffinität erfassen–der Fragebogen (TA-EG)
questionnaire in German to evaluate technological affinity of
the participants. The questionnaire contains 19 items on a
5-point Likert scale (eg, statements such as “I love to own new
electronic devices” or “Electronic devices lead to mental

impoverishment” [22]). Participants had to state for each of the
statements how well it applied to them personally by ticking
off the correct number.

Table 2 shows the sociodemographic data (age, gender,
education, educational institute, experiences with VR) assessed
through the questionnaire.

Table 2. Sociodemographic data.

Participants, n (%)Characteristics

Gender

4 (33)Male

8 (67)Female

Age

7 (58)20-21

4 (33)22-23

1 (8)23+

Education

8 (67)General A-levels

1 (8)Advanced technical college entrance qualification

3 (13)Intermediate maturity level

Educational institute

11 (92)Nursing school

1 (8)University of applied science

Experience with VR a

7 (58)Yes

5 (42)No

aVR: virtual reality.

Procedure
Before starting the recruitment of participants, a request was
submitted to an ethics committee, which was approved soon
after. The recruitment of participants took place from November
2019 to January 2020. Leaflets and flyers were placed in health
care facilities (2 hospitals, 3 nursing schools). Additionally,
teachers in medical nursing schools in North Rhine-Westphalia
were contacted to recruit nursing students for participation.

After first contact via email, potential participants who met the
eligibility criteria of being in nursing education got an
appointment confirmation. Nursing education was defined as
training in general health care, therefore including curative care,
geriatric care, and pediatric care. Because students need
knowledge of anatomy in all of these health care fields, there
were no specific demarcations. Students of all genders and ages
were included.
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Before the VR simulator training of the participants, they were
asked to complete the questionnaire with sociodemographic
data as well as the TA-EG questionnaire, which both were
anonymized.

Afterwards, the participants got instructions on how to handle
the VR simulator and went through an introduction and a short
training to get familiar with the application. Participants had
approximately 20 minutes to use the VR simulator.

The short training included the participants in the exploration
of the functions and visualization of the lungs and the heart.
They had the opportunity to customize physiology of both
organs and adjust severity of specific diseases (eg, chronic
obstructive pulmonary disease or arteriosclerosis).

The qualitative interview followed. During the interviews, only
the participant and 2 interviewers were present, one interviewer
giving the short training through the VR simulator and the other
one conducting the interview.

The interviews and trainings were carried out in rotation by all
of the authors, who are university students. Interviews were
only conducted after the participants signed a declaration of
consent for audiorecording of the interview. Duration of the
interview itself was mostly about 20 minutes.

In total, 12 nursing students went through the VR training and
the interview, with no one dropping out or refusing to
participate. Sociodemographic data of the participants are
presented in Table 2. The majority of participants were female
and graduated with general A-levels. Participants overall were
young, including only 1 person older than 23 years. Nearly half
of the participants already had experiences with VR, mostly
through conventions or exhibitions.

Analysis
Qualitative analysis was completed using the concept maps
method of Mayring, a narrative research design [23]. The
method is used to summarize the essential content by first
paraphrasing the raw input, then selecting, bundling, and lastly,
constructing and integrating the content [23]. Audiorecordings
of the interviews were transcribed and analyzed within the scope
of the 5 categories included in the interviews using the Mayring
method. Therefore, a structured overview of the participants’
statements is given in the “Results” regarding every category.
Transcripts were not returned to participants.

Results

Performance Expectancy
Nursing students considered the use of VR in nursing education
to be clearly beneficial. The aspect of perceived quality
improvement of the learning process in anatomy was of
particular importance. The perceived benefits that resulted from
the contrast of digital visual learning with VR and analog
learning with graphics from books were first, the time saved in
the learning process, and second, the visualization of the content:

I would still learn the content with the book. Then I
would go into VR and deepen what I had learned.
Explore connections, for example.

The use of VR was particularly relevant in the context of the
deepening of learning content. The realistic representation of
anatomy content was especially emphasized, which was
perceived to be a close match to real organ anatomy:

I could imagine the anatomy much better through the
VR application. I really didn't think so before. It all
looked so freaking real. Like I was really inside the
organ.

However, it is true that VR applications tend to deepen the
content already learned rather than teach completely new
content. The exchange among student nurses in self-study with
the help of the VR application was evaluated as homogenously
positive. Consequently, self-study before exams is of great
importance. Thus, students who were not able to fully learn the
content in class have simplified access to independent learning
with VR.

Effort Expectancy
The use of VR applications tends to be perceived as manageable.
The acquisition of VR technologies for the respective institution
in which the students were located was perceived as cost
intensive. Occasionally, fears of excessive demands and
incorrect operation have corresponding consequences for health,
manifesting themselves in side effects such as nausea, which
can limit the use of VR applications. There was a shared attitude
among the interviewees that, after a short introduction and
testing of the VR application, the handling was no obstacle:

Before first use it sounds very complicated, but after
a few minutes of use it looks easier than expected.…I
immediately found my way around.

As a further aspect of the expected effort, the integration of VR
into the learning process of the students makes one thing clear:
An unrestricted access to the tested VR application increases
the motivation to deal with necessary anatomy content. Although
it also makes a change in the learning routines necessary, this
was perceived as a manageable effort.

Social Influence
The family is one of the central points of reference regarding
the use and recognition of VR applications in anatomy. The
opinions within the circle of friends seem to be equally relevant.
However, students also expressed concerns about the experience
of their teachers. The participants assumed VR applications are
not yet sufficiently accepted among teachers. All in all, positive
attitudes towards VR applications in the social environment
increased the acceptance to use these applications oneself
because social contacts often have an influence on one's own
opinion making:

If you often hear about such things from friends, you
are more aware of these kinds of new technologies.
For me it is important to know what kind of
experience they have. Especially when something is
completely new to me.

Facilitating Conditions
Facilitating conditions for the use of VR applications were
perceived on different levels. These included, besides the
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assessment of general knowledge about VR technology, aspects
of technical support, technical introduction, and cost absorption:

In my opinion, you need rooms that are already
suitable for VR applications. I'm not sure if we have
rooms like this in our university. And the teachers
need to have time to deal with that first.

An introduction to the technology is a basic requirement for the
interviewees for the assessment and subsequent use in the
individual learning process. Help systems and empowerment
are also explicitly called for to break down barriers of use. For
the use and introduction of the VR application, trained personnel
are required. The costs incurred in the acquisition would have
to be fully clarified. The potential of VR applications can only
be fully exploited by the students through implementation into
the training curriculum of the institution:

The full benefit potential can only be exploited if
learning with VR is embedded in the curriculum.

Hedonic Motivation
The VR application promoted the motivation to learn through
its playful nature, even though it was not perceived as a game
application but as a support for the learning process in anatomy.
The time required for learning plays an important role for the
students in terms of anatomy. Through self-directed learning
of new content with the VR application, learning appears to be
less time-consuming, further promoting the motivation to learn
in general:

Studying is stressful. It's good to have a fun
alternative to normal learning. This supports me in
learning, drives me forward.…Time flies in the VR.

Moderation Factors
Overall, there were differences between the perception of the
value of technology orientation and the associated knowledge
about technology and the effort expectancy. The lower the
average technology orientation, the more likely attitudes and
opinions about the operating effort were discussed as critical.

This is where the reference to social influences can be made.
The more technology aware the user is, the more independent
they are from social influences:

Of course I am interested in technology, it is part of
my everyday life. So, I form my own opinion. About
what makes sense. Especially when it comes to
individual things like learning.

Furthermore, when assessing the effort required to use the VR
application, it seems that it is not only the individual assessment
of personal handling that plays a decisive role. The interview
partners also considered the perspective of the teachers involved
in the learning process. The introduction and use of the VR
application should not mean any additional burden for teachers
and should be easily integrated into the teaching process. This
opinion of the interviewees referred mainly to the older
generations of teachers:

If I were a teacher, I would at first be skeptical about
the additional work. It is crucial that VR is integrated
into their own training. Technical support may also
be needed.

Further Application Possibilities
In addition to anatomy, the VR application offers potential for
further applications. For example, the interviewees mentioned
the area of patient education, as well as behavior in an
emergency. Both are central teaching topics in the training as
a nurse and can be tested more intensively through real
experience with a VR application. Nevertheless, a VR
application is only a supporting measure to the previous learning
processes and cannot completely replace them:

VR can by no means replace normal learning
situations, but it can complement learning. The link
between the two worlds is important. In one moment,
I hear what the teacher is saying and in the other
moment I can watch it live in VR. The connection
between theory and practice can be solved very well.

An overview of participants’ perceptions is found in Table 3.
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Table 3. Results summary.

HypothesisClassification Category

Learning is more understandable than with analog literature.

Due to the better visualization, the user can memorize the content more
profoundly.

VRa applications are able to consolidate content learned, and content can
be memorized better.

Due to the realistic representation of content, it can be learned better.

Performance expectancy

Side effects such as nausea can limit use.

The use of the VR applications is intuitive and therefore easy to learn.

Effort expectancy

Positive opinions towards VR applications in the social environment in-
crease the acceptance to use them.

Social influence

If VR applications are an integral part of the training curriculum, their
potential can be fully exploited.

The use requires trained staff.

Facilitating conditions

The VR application promotes the motivation to learn through its playful
nature.

Through self-directed learning of new content, learning seems less time-
consuming.

Self-directed learning promotes motivation.

Hedonic motivation

The more technical experience the user has, the more independent they
are from social influences.

Previous experience is essential for optimal use.

In order to integrate VR applications into nursing education, older gener-
ations must be familiarized with the applications.

Moderation factors

Patient education and behavior in an emergencyFurther application possibilities

aVR: virtual reality.

Discussion

Principal Results
The collected results presented in this paper provide new insights
on the influence that VR applications have on training and
further education of nursing staff. In general, the conducted
study shows that the overall perception of the interviewees was
quite positive towards the new technologies. VR programs can
be an important, supporting part of the training to deepen
learning content like anatomy. These results were consistent
with previous studies on this topic [24-28].

The data show how different influencing factors, such as
performance expectancy, effort expectancy, social influence,
facilitating conditions, hedonic motivation, and moderating
factors, can influence potential users’ acceptance of VR in
anatomy education.

In this case, personal attitude towards technology in general
plays an important role as well. Persons with an affinity for
technology therefore consider VR programs to be more useful
than persons with less affinity for technology. As a result, in
the training of nursing staff, the use of VR depends on the
individual characteristics of each person. In practice, this means
that for optimal use of such technologies, they would have to
be used in a long-term and practical way. This would ensure
that every trainee could benefit from the VR application
regardless of their technical affinity. Furthermore, the

technology has to be easy to use and understandable for the
trainees. For this reason, the interviewees stated that VR
applications should be included in the curriculum. This could
increase the interest of the trainees and create more technical
affinity, and it would also lead to greater acceptance of VR.
These statements correspond with those from previous studies,
according to which a national curriculum would have a positive
effect on the development of VR applications and serious games
[24,29].

As already found in a study by Patterson et al [25], the results
of this study show that learning with such technologies can
increase the motivation of the trainees. In addition, individual
and free learning is evaluated as very positive because every
trainee can learn individually. However, the success of learning
also depends on the personal attitude towards learning [25].

It is also mentioned in this study that social influence has an
impact on the acceptance of VR technologies. It was reported
that there are reservations caused by the rejection of VR
technology by the family environment. However, the
respondents also stated that VR might be rejected by teachers.
Teachers would need to become enthusiastic about this
technology in order to use VR optimally in their lessons. As
Keskitalo and Ruokamo [30] described in their study, a
pedagogical model must be introduced that “ensures that a more
holistic and meaningful approach to teaching and learning is
adopted.” This model could be used to meet the needs of the
trainees and teachers to integrate simulation-based learning into
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the classroom. Furthermore, Keskitalo [31] stated that the
beneficial parts of VR used in education depend on “the effort
of the teachers to familiarize with the environment and a strong
expertise in the subject, planning and flexibility.”

Due to the practicability, the interviewees mentioned that the
cost factor plays a major role in the introduction of such
technologies. The interviewees assume from their own findings
that educational institutions often lack financial resources, which
leads to the use of traditional media (eg, textbooks,
presentations, videos). In addition, on the pedagogical level,
the interviewed persons criticized the fact that whole classes
have to learn with VR in one teaching unit. In this case, each
student cannot be addressed individually, nor would the time
frame be sufficient. In contrast to other studies, these statements
show that further models for embedding VR applications in
everyday learning have to be developed [30-32]. Furthermore,
both the functionality and limitations of the VR program used
in the study were demonstrated by the study participants. The
visualization of the anatomical content and the mass of
information were considered to be limited, and the study
participants were unable to adapt all learning content to the VR
application. Manufacturers of VR applications must therefore
adapt their programs to the wishes of the customers and further
develop the functions. Shorey et al [27] also concluded that
content developers should create the VR applications in close
consultation with users. In this way, subject-related content and
user expertise can be integrated into the programming [27].

Overall, the interviewed persons saw great advantages in
teaching anatomy with VR technologies compared with the
purely analog method of learning. In addition, if optimized to
its full potential, the VR technology could become a useful tool
to create valuable learning environments for less motivated
trainees or trainees with learning disabilities.

Limitations
The study has various limitations, which result from the number
of study participants and the qualitative research method.

Although no confounding variables were apparent during the
study, the qualitative data collected are only sufficient for an
insight into the topic. In order to draw further conclusions,
further studies on this topic have to be conducted with a larger
number of participants.

Despite the interview guidelines, we cannot exclude the
possibility that questions were interpreted differently by the
interview partners. Thus, statements can have different
meanings. Furthermore, it is also possible that participants with
a high affinity for technology were contacted in the first place.
This group of people would have entered the study with different
expectations than people with low affinity for technology. As
a result, there might be a social bias in the study.

The study was carried out with German nursing students, so
their statements refer to the German health educational system.
However, the results can be applied to other health educational
systems.

Conclusion
VR is one opportunity to support learning in nursing schools.
Anatomy learning content in particular can be better explored
through visualization. During the study, the acceptance of the
VR application was high. This shows that from the students’
point of view, the new technologies have a good chance to be
introduced into nursing schools. As in other studies, the
practicability and the interest of trainees was also recognized
in this study [26,31,33-35]. The results reflect previously gained
insights into the connection between learning and fun and the
creation of new knowledge through VR, as was stated before
[34]. The recommendation of the interview partners is a firm
integration into the curriculum. Through integration, VR could
be offered as a supporting aid that contributes to a better
visualization of learning material. Thus, the pedagogically
meaningful use of VR applications would be made possible.

From this pedagogical point of view, the use of VR also offers
great advantages. As Bruce and Gerber [35] have mentioned,
trainees perceive learning differently. The focus is on the
transfer of knowledge by a teacher and practical experiences
that the trainees make themselves. These skills and knowledge
are then specialized by each individual for later professional
challenges [36,37]. Through the practical integration of
anatomical learning content, a better knowledge transfer can
take place. The trainees have the chance to react to gaps in their
knowledge and to repeat learning material. Furthermore, the
visualization leads to a better idea of upcoming scenarios in the
profession and a practice-oriented training.

However, not only nursing schools can benefit from this
technology. The interview partners also saw great potential in
other application areas of VR technology. Among these are the
learning of practical content with virtual patients, presurgical
education, or practice with patient communication. This potential
has already been recognized by various studies that give
information about how VR can support the learning of
communication [26,32,37-39].

In view of this, the possibilities of practical training for nursing
students are enormous. Due to the wide range of possible
applications, nursing schools can respond to the growing
challenges in the health care sector. Nursing students can thus
be better sensitized to challenges and receive a further benefit
in their training.

The study and the existing literature give a good outlook on
what could be achieved in the health care sector through new
technologies [9,12,14,15,19]. It is of great importance that actors
in the health care system are familiarized with the new
technologies. On the part of students and trainees, there would
likely be great acceptance of VR learning content, so it is up to
them to support the introduction of VR. The recommendations
for action would be a discussion of the benefits of the new
technologies and the embedding of the technologies in a fixed
curriculum in learning institutions. Furthermore, further studies
on the topic would have to be carried out to improve the
evidence regarding the acceptance of VR applications and the
benefit of these programs.
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Even if VR technologies are still viewed skeptically from some
sides, they can lead to an increase in the quality of education.
The results of this study show that all participants, even those

with initial skepticism, rated the VR program as positive. These
statements give reason to believe that modern learning content
and teaching methods are desired and demanded by the trainees.

Acknowledgments
We would like to thank Cornelius Engelbrecht, Jan Felix Trettow, and Marvin Seppmann of the IT Service Center of Bielefeld
University for their kind support in providing and testing the VR application. Furthermore, we would like to thank Robin Koschel
and Dirk Schauerte for careful reading of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-EHEALTH (V 1.6.1) checklist.
[PDF File (Adobe PDF File), 354 KB-Multimedia Appendix 1]

References

1. Afentakis A, Maier T. Projektionen des Personalbedarfs und -angebots in Pflegeberufen bis 2025. Wirtschaft und Statistik
2010 Jan 01:990-1002.

2. Gesundheitsberufe neu denken, Gesundheitsberufe neu regeln. Grundsätze und Perspektiven - Eine Denkschrift der Robert
Bosch Stiftung. Stuttgart: Robert Bosch Stiftung; 2013 Nov. URL: https://www.bosch-stiftung.de/sites/default/files/
publications/pdf_import/2013_Gesundheitsberufe_Online_Einzelseiten.pdf [accessed 2020-02-15]

3. Weidauer L. Rahmenbedingungen der Gesundheits- und Krankenpflege. In: Kompetenzorientiert prüfen in der
Pflegeausbildung. Forschungsreihe der FH Münster. Wiesbaden: Springer Spektrum; May 19, 2015:5-28.

4. Bundesgesetzblatt. Gesetz zur Reform der Pflegeberufe (Pflegeberufereformgesetz – PflBRefG). BGBl Teil I 2017 Jul
24(49):2581-2614 [FREE Full text]

5. Benedix U, Medjedovic I. Gute Arbeit und Strukturwandel in der Pflege: Gestaltungsoptionen aus Sicht der Beschäftigten.
In: Reihe Arbeit und Wirtschaft in Bremen. Bremen: Institut Arbeit und Wirtschaft (IAW); Feb 2014.

6. Komorowski JF. „Junge Wilde“ erfolgreich rekrutieren. Pflegez 2018 Aug 8;71(9):25-27. [doi: 10.1007/s41906-018-0677-4]
7. Nowossadeck E. Demografische Alterung und Folgen für das Gesundheitswesen. GBE kompakt: Zahlen und Trends aus

der Gesundheitsberichterstattung des Bundes 2012 Apr 03;3(2):1-8 [FREE Full text] [doi: 10.25646/3031]
8. Zupanic M, Rebacz P, Ehlers JP. Media Use Among Students From Different Health Curricula: Survey Study. JMIR Med

Educ 2019 Aug 19;5(2):e12809 [FREE Full text] [doi: 10.2196/12809] [Medline: 31429412]
9. Jacob A, Teuteberg F. Game-Based Learning, Serious Games, Business Games and Gamification [Lernförderliche

Anwendungsszenarien, gewonnene Erkenntnisse und Handlungsempfehlungen]. In: Strahringer S, Leyh C, editors.
Gamification und Serious Games: Grundlagen, Vorgehen und Anwendungen. Wiesbaden: Springer Fachmedien; 2017.

10. Sostmann K, Tolks D, Fischer M, Buron S. Serious Games for Health: Spielend lernen und heilen mit Computerspielen?
GMS Med Inform Biom Epidemiol 2010 Dec 20;6(2):8 [FREE Full text] [doi: 10.3205/mibe000112]

11. Klabbers J. Social problem solving: beyond method. In: Duke RD, Kriz WC, editors. Back to the Future of Gaming.
Gütersloh : Bertelsmann Verlag; 2014:12-29.

12. Breuer J, Schmitt JB. Serious Games in der Gesundheitskommunikation. In: Rossmann C, editor. Handbuch
Gesundheitskommunikation. Wiesbaden: Springer VS; Jun 26, 2017:11.

13. Gentry SV, Gauthier A, L'Estrade Ehrstrom B, Wortley D, Lilienthal A, Tudor Car L, et al. Serious Gaming and Gamification
Education in Health Professions: Systematic Review. J Med Internet Res 2019 Mar 28;21(3):e12994 [FREE Full text] [doi:
10.2196/12994] [Medline: 30920375]

14. Graafland M, Schraagen JM, Schijven MP. Systematic review of serious games for medical education and surgical skills
training. Br J Surg 2012 Oct;99(10):1322-1330. [doi: 10.1002/bjs.8819] [Medline: 22961509]

15. Wang R, DeMaria S, Goldberg A, Katz D. A Systematic Review of Serious Games in Training Health Care Professionals.
Simul Healthc 2016 Feb;11(1):41-51. [doi: 10.1097/SIH.0000000000000118] [Medline: 26536340]

16. Hellriegel J, Čubela D. Das Potenzial von Virtual Reality für den schulischen Unterricht - Eine konstruktivistische Sicht.
MedienPädagogik 2018 Dec 11:58-80. [doi: 10.21240/mpaed/00/2018.12.11.x]

17. Barré J, Michelet D, Truchot J, Jolivet E, Recanzone T, Stiti S, et al. Virtual Reality Single-Port Sleeve Gastrectomy
Training Decreases Physical and Mental Workload in Novice Surgeons: An Exploratory Study. Obes Surg 2019
Apr;29(4):1309-1316 [FREE Full text] [doi: 10.1007/s11695-018-03680-9] [Medline: 30689172]

18. Schlegel C, Weber U. Lernen mit Virtual Realityin Hype in der Pflegeausbildung? Pädagogik der Gesundheitsberufe 2019
Apr 01;6:182-186.

JMIR Nursing 2020 | vol. 3 | iss. 1 | e20249 | p. 9https://nursing.jmir.org/2020/1/e20249/
(page number not for citation purposes)

Lange et alJMIR NURSING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=nursing_v3i1e20249_app1.pdf&filename=2efb33adf24c92258437ab8184573b39.pdf
https://jmir.org/api/download?alt_name=nursing_v3i1e20249_app1.pdf&filename=2efb33adf24c92258437ab8184573b39.pdf
https://www.bosch-stiftung.de/sites/default/files/publications/pdf_import/2013_Gesundheitsberufe_Online_Einzelseiten.pdf
https://www.bosch-stiftung.de/sites/default/files/publications/pdf_import/2013_Gesundheitsberufe_Online_Einzelseiten.pdf
http://www.bgbl.de/xaver/bgbl/start.xav?startbk=Bundesanzeiger_BGBl&jumpTo=bgbl117s2581.pdf
http://dx.doi.org/10.1007/s41906-018-0677-4
https://edoc.rki.de/handle/176904/3106
http://dx.doi.org/10.25646/3031
https://mededu.jmir.org/2019/2/e12809/
http://dx.doi.org/10.2196/12809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31429412&dopt=Abstract
http://www.egms.de/en/journals/mibe/2010-6/mibe000112.shtml
http://dx.doi.org/10.3205/mibe000112
https://www.jmir.org/2019/3/e12994/
http://dx.doi.org/10.2196/12994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30920375&dopt=Abstract
http://dx.doi.org/10.1002/bjs.8819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22961509&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0000000000000118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26536340&dopt=Abstract
http://dx.doi.org/10.21240/mpaed/00/2018.12.11.x
http://www.zgddek.com/EN/abstract/abstract12201.shtml
http://dx.doi.org/10.1007/s11695-018-03680-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30689172&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Bracq M, Michinov E, Arnaldi B, Caillaud B, Gibaud B, Gouranton V, et al. Learning procedural skills with a virtual reality
simulator: An acceptability study. Nurse Educ Today 2019 Aug;79:153-160 [FREE Full text] [doi:
10.1016/j.nedt.2019.05.026] [Medline: 31132727]

20. Venkatesh V, Morris MG, Davis GB, Davis FD. User Acceptance of Information Technology: Toward a Unified View.
MIS Quarterly 2003;27(3):425. [doi: 10.2307/30036540]

21. Venkatesh, Thong, Xu. Consumer Acceptance and Use of Information Technology: Extending the Unified Theory of
Acceptance and Use of Technology. MIS Quarterly 2012;36(1):157-178. [doi: 10.2307/41410412]

22. Karrer K, Glaser C, Clemens C, Bruder C. Technikaffinität erfassen - der Fragebogen TA-EG. In: Lichtenstein A, editor.
Der Mensch im Mittelpunkt technischer Systeme. Düsseldorf: VDI Verlag GmbH; 2009:196-201.

23. Mayring P. Qualitative Inhaltsanalyse: Grundlagen und Techniken. Weinheim Basel: Beltz Verlag; Mar 04, 2015:152.
24. Effective Use of Educational Technology in Medical Education.: AAMC Institute for Improving Medical Education; 2007.

URL: https://store.aamc.org/downloadable/download/sample/sample_id/111/ [accessed 2020-02-20]
25. Patterson C, Stephens M, Chiang V, Price AM, Work F, Snelgrove-Clarke E. The significance of personal learning

environments (PLEs) in nursing education: Extending current conceptualizations. Nurse Educ Today 2017 Jan;48:99-105.
[doi: 10.1016/j.nedt.2016.09.010] [Medline: 27744138]

26. Liaw SY, Ooi SW, Rusli KDB, Lau TC, Tam WWS, Chua WL. Nurse-Physician Communication Team Training in Virtual
Reality Versus Live Simulations: Randomized Controlled Trial on Team Communication and Teamwork Attitudes. J Med
Internet Res 2020 Apr 08;22(4):e17279 [FREE Full text] [doi: 10.2196/17279] [Medline: 32267235]

27. Shorey S, Ang E, Yap J, Ng ED, Lau ST, Chui CK. A Virtual Counseling Application Using Artificial Intelligence for
Communication Skills Training in Nursing Education: Development Study. J Med Internet Res 2019 Oct 29;21(10):e14658
[FREE Full text] [doi: 10.2196/14658] [Medline: 31663857]

28. Chaballout B, Molloy M, Vaughn J, Brisson Iii R, Shaw R. Feasibility of Augmented Reality in Clinical Simulations: Using
Google Glass With Manikins. JMIR Med Educ 2016 Mar 07;2(1):e2 [FREE Full text] [doi: 10.2196/mededu.5159] [Medline:
27731862]

29. Berman NB, Durning SJ, Fischer MR, Huwendiek S, Triola MM. The Role for Virtual Patients in the Future of Medical
Education. Acad Med 2016 Sep;91(9):1217-1222. [doi: 10.1097/ACM.0000000000001146] [Medline: 26959224]

30. Keskitalo T, Ruokamo H. A pedagogical model for simulation-based learning in healthcare. Seminar.net 11(2). 2015 Nov
07. URL: https://journals.hioa.no/index.php/seminar/article/view/2352/2180 [accessed 2020-02-18]

31. Keskitalo T. Teachers’ conceptions and their approaches to teaching in virtual reality and simulation‐based learning
environments. Teachers and Teaching 2011 Jan 13;17(1):131-147 [FREE Full text] [doi: 10.1080/13540602.2011.538503]

32. Thorsteinsson G, Page T, Niculescu A. Using Virtual Reality for Developing Design Communication. Studies in Informatics
and Control 2010 Mar 10;19(1):93-106. [doi: 10.24846/v19i1y201010]

33. Padilha JM, Machado PP, Ribeiro A, Ramos J, Costa P. Clinical Virtual Simulation in Nursing Education: Randomized
Controlled Trial. J Med Internet Res 2019 Mar 18;21(3):e11529 [FREE Full text] [doi: 10.2196/11529] [Medline: 30882355]

34. Lillekroken D. "A privilege but also a challenge." Nurse educators' perceptions about teaching fundamental care in a
simulated learning environment: A qualitative study. J Clin Nurs 2020 Jun;29(11-12):2011-2022 [FREE Full text] [doi:
10.1111/jocn.15177] [Medline: 31889359]

35. Bruce C, Gerber R. Towards university lectures' conceptions of student learning. Higher Education 1995 Jun;29(4):443-458
[FREE Full text] [doi: 10.1007/bf01383962]

36. Keskitalo T. Developing a pedagogical model for simulation-based healthcare education.: University of Lapland; 2015.
URL: https://lauda.ulapland.fi/handle/10024/61885 [accessed 2020-01-08]

37. Liaw SY, Wong LF, Chan SW, Ho JTY, Mordiffi SZ, Ang SBL, et al. Designing and evaluating an interactive multimedia
Web-based simulation for developing nurses' competencies in acute nursing care: randomized controlled trial. J Med Internet
Res 2015 Jan 12;17(1):e5 [FREE Full text] [doi: 10.2196/jmir.3853] [Medline: 25583029]

38. Palter VN, Grantcharov TP. Simulation in surgical education. CMAJ 2010 Aug 10;182(11):1191-1196 [FREE Full text]
[doi: 10.1503/cmaj.091743] [Medline: 20351120]

39. Liaw SY, Zhou WT, Lau TC, Siau C, Chan SW. An interprofessional communication training using simulation to enhance
safe care for a deteriorating patient. Nurse Educ Today 2014 Feb;34(2):259-264 [FREE Full text] [doi:
10.1016/j.nedt.2013.02.019] [Medline: 23518067]

Abbreviations
3D: 3-dimensional
SG: serious games
TA-EG: Technikaffinität erfassen–der Fragebogen
UTAUT2: unified theory of acceptance and use of technology
VR: virtual reality

JMIR Nursing 2020 | vol. 3 | iss. 1 | e20249 | p. 10https://nursing.jmir.org/2020/1/e20249/
(page number not for citation purposes)

Lange et alJMIR NURSING

XSL•FO
RenderX

http://www.hxkqyxzz.net/fileup/PDF/2007-136.pdf
http://dx.doi.org/10.1016/j.nedt.2019.05.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31132727&dopt=Abstract
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.2307/41410412
https://store.aamc.org/downloadable/download/sample/sample_id/111/
http://dx.doi.org/10.1016/j.nedt.2016.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27744138&dopt=Abstract
https://www.jmir.org/2020/4/e17279/
http://dx.doi.org/10.2196/17279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32267235&dopt=Abstract
https://www.jmir.org/2019/10/e14658/
http://dx.doi.org/10.2196/14658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31663857&dopt=Abstract
https://mededu.jmir.org/2016/1/e2/
http://dx.doi.org/10.2196/mededu.5159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27731862&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000001146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26959224&dopt=Abstract
https://journals.hioa.no/index.php/seminar/article/view/2352/2180
https://www.tandfonline.com/doi/abs/10.1080/13540602.2011.538503
http://dx.doi.org/10.1080/13540602.2011.538503
http://dx.doi.org/10.24846/v19i1y201010
https://www.jmir.org/2019/3/e11529/
http://dx.doi.org/10.2196/11529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30882355&dopt=Abstract
https://sma.org.sg/UploadedImg/files/SMJ/5705/5705ra1.pdf
http://dx.doi.org/10.1111/jocn.15177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31889359&dopt=Abstract
https://link.springer.com/article/10.1007/BF01383962
http://dx.doi.org/10.1007/bf01383962
https://lauda.ulapland.fi/handle/10024/61885
https://www.jmir.org/2015/1/e5/
http://dx.doi.org/10.2196/jmir.3853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25583029&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=20351120
http://dx.doi.org/10.1503/cmaj.091743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20351120&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0260-6917(13)00081-6
http://dx.doi.org/10.1016/j.nedt.2013.02.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23518067&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Strudwick; submitted 14.05.20; peer-reviewed by A McLean, H Akram; comments to author 28.05.20; revised version
received 16.07.20; accepted 12.08.20; published 01.09.20

Please cite as:
Lange AK, Koch J, Beck A, Neugebauer T, Watzema F, Wrona KJ, Dockweiler C
Learning With Virtual Reality in Nursing Education: Qualitative Interview Study Among Nursing Students Using the Unified Theory
of Acceptance and Use of Technology Model
JMIR Nursing 2020;3(1):e20249
URL: https://nursing.jmir.org/2020/1/e20249/
doi: 10.2196/20249
PMID:

©Ann-Kathrin Lange, Jana Koch, Anastasia Beck, Till Neugebauer, Frauke Watzema, Kamil J. Wrona, Christoph Dockweiler.
Originally published in JMIR Nursing Informatics (https://nursing.jmir.org), 01.09.2020. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

JMIR Nursing 2020 | vol. 3 | iss. 1 | e20249 | p. 11https://nursing.jmir.org/2020/1/e20249/
(page number not for citation purposes)

Lange et alJMIR NURSING

XSL•FO
RenderX

https://nursing.jmir.org/2020/1/e20249/
http://dx.doi.org/10.2196/20249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

