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Abstract: Virtual reality (VR) has emerged as one of the fastest growing technologies in recent years, offering trans-
formative opportunities in various disciplines such as education, medicine and industry. Classifying the ad-
vantages and disadvantages of such VR simulations must be done using appropriate evaluation tools. Despite
these rapid technological developments, the evaluation of VR experiences lags behind technological advances.
This article examines the discrepancy between the rapid technical evolution of VR and the slow progress in
the development of suitable evaluation methods. Existing evaluation approaches are analyzed and their limita-
tions in the context of new VR applications are identified. In addition, potential solutions and future research
directions will be identified to enable a more appropriate assessment of the user experience, effectiveness and
impact of VR technologies. The aim is to promote an integrated evaluation framework that can keep pace with
technological innovations and thus support the sustainable use of VR in different application areas.

1 INTRODUCTION

With the promise of offering experiences that im-
merse users in simulated worlds, virtual reality (VR)
has created applications that were previously unimag-
inable. The potential applications of VR are diverse
and range from education and healthcare to architec-
ture and entertainment. This opens up new horizons
for innovation and interaction. The technical develop-
ment of VR is taking place at a rapid pace. Advances
in graphics, sensors and computing have led to signif-
icant improvements in the performance and accessi-
bility of VR systems. Current VR headsets offer very
good image quality and interactive options that were
considered unattainable just a few years ago. These
technological innovations have promoted the accep-
tance and integration of VR in various industries and
defined new standards for immersive experiences.

Effective evaluation methods are essential to op-
timize the user experience, evaluate effectiveness in
specific applications and identify potential risks or un-
desirable effects. Although the technical possibilities
are developing at a rapid pace, the evaluation of VR
experiences is still challenging. The majority of exist-
ing evaluation methods were originally designed for

the evaluation of traditional media formats and there-
fore suggests that they are unable to comprehensively
capture the specific characteristics and potential of
VR. The need to develop adequate evaluation meth-
ods that take into account the complexity and multi-
layered nature of VR is becoming increasingly appar-
ent.

The praxwerk project1 of Anhalt University of
Applied Sciences focuses on the digitalization of
higher education, with the integration of VR into
teaching and learning processes as a central research
focus. As part of the project, the virtual learn-
ing application VR-BioTech-House® has been fur-
ther developed to present complex biotechnological
processes in a practical and interactive manner. This
bridges theoretical knowledge with practical appli-
cation, thereby enhancing the achievement of learn-
ing objectives. However, a key challenge is to sys-
tematically evaluate the impact of VR, particularly in
terms of its effectiveness and its contribution to spe-
cific learning objectives. Evidence-based analysis is
essential to fully unlock the potential of VR in higher
education and guide future developments.

The aim of this paper is to provide both re-

1https://hs-anhalt.de/praxwerk
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searchers and practitioners working on similar appli-
cations such as the BioTech-House, with an overview
of the current state of evaluation in VR research and
to provide impetus for future developments.

2 LITERATURE

In a meta analysis 14 different articles were reviewed
that dealt with the evaluation of mixed reality (xR)
and especially VR applications in a wide variety of
areas with a focus on applications with a purpose of
education.

Springer, Google Scolar and the Discovery Ser-
vice of the Library of Anhalt University of Applied
Sciences were used as search platforms for the anal-
ysis with variations of the search terms: “evalua-
tion XR application”, “evaluation VR application”
and “quality assessment VR application”. The arti-
cles found through this method were checked to see
whether they dealt sufficiently with the explicit phras-
ing of different categories relevant to the evaluation.
First and foremost, the research was based on articles
that questioned the evaluation itself, but in order to
obtain a larger number of studies, additional articles
were included that evaluated specific applications as
long as they explicitly mentioned the criteria used for
evaluation.

Consequently, seven overarching categories were
identified from the examined articles, which will be
discussed in more detail below. These are:
 user experience;
 user assistance;
 game (or application) mechanics;
 quality factors;
 graphics;
 VRise (VR sickness or VR induced symptoms and

effects);
 motivation.

Each of these categories contains smaller factors,
although the number of these varies depending on the
category and not each of them has been mentioned in
every source. However, it should be noted that it is
difficult to clearly delineate these categories, as the
quality of the graphics, for instance, can have a direct
influence on the user experience.

Factors that can be categorized as user experience
were mentioned in a total of ten articles [1, 2, 3, 4,
5, 6, 7, 8, 9, 10] whereby the extent to which this
category was subdivided into smaller factors varies
greatly depending on the source material. For ex-
ample, user experience is generally listed twice as

a factor [5, 6]. Overall, the following factors were
found, that have an influence on the factor user expe-
rience: an adequate level of immersion [1], pleasant
VR experience [1], high quality sounds [1]/ audio [2],
suitable hardware (head mounted display (HMD) and
computer) [1], information gift [2] (the way informa-
tion is presented), language [2], ease to use [2, 3, 7],
similarity to reality [3] and factors that depend on the
user themselves: cognitive skills - e.g., visuospatial
abilities etc., [4], participants attitude [4], levels of
trust/acceptance of VR/MR tools [4, 9], motivation
during usage [4, 7, 9], previous experience with VR
(XR) [4, 5, 8] and levels of presence and engagement
[4, 6, 10].

The greatest importance is attributed to ease of
use, the user factor levels of presence and engage-
ment, previous experience and motivation during us-
age, which are each mentioned in three different
sources, as well as audio quality and the user factor
levels of trust/acceptance of VR/MR tools with two
mentions each. All other factors were only found in
one source each.

The second identified category is user assistance.
Factors belonging to this category were mentioned in
three sources [1, 2, 6] and describe in which way the
user is introduced to or guided through the program.
These include the following factors: digestible tutori-
als [1], helpful tutorials [1], adequate duration of tuto-
rials [1], (helpful in-game) instructions [1, 2], helpful
in game prompts [1], goal and task design [2], feed-
back [2], information transmission [2] and didactics
of in-game instructions [6].

As a result, (helpful in-game) instructions are as-
signed the greatest importance. This factor is men-
tioned directly in two of the three sources, although
the factor of the last source relevant here, didactics of
in-game instructions, also intersects this factor.

The next category, game mechanics, includes fac-
tors from six sources that determine movement and
interaction in the application. These are the follow-
ing: a suitable navigation system (e.g. teleportation)
[1] / locomotion [2] / navigation operation [11], avail-
ability of physical movement [1], naturalistic pick-
ing/ placing of items [1], naturalistic use of items [1],
naturalistic 2-handed interaction [1], interaction ele-
ments [2], user interface [2, 7], operation of interac-
tion functionalities [2], design/functionalities of inter-
action functionalities [2], relevance assessment of in-
teraction functionalities [2], menu control [2], control
systems [2], room design [2], tracking [2], haptic in-
teraction [3] and interaction regulation [12].

The factor most frequently acknowledged is the
way in which the navigation system is implemented,
having been mentioned in three different sources. The
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factors user interface and haptic interface were also
referred to repeatedly with two instances each.

The quality factors of a VR application largely in-
clude factors that are difficult to measure in units and
are often rather subjective. The basic factors referred
to are dependability, validity, objectivity, reliability,
effectivity, knowledge, utility and VR technology, all
of which are discussed by Napetschnig [2]. Utility
and knowledge are also dealt with by Tsivitanidou [6]
and the latter by Antonopoulos[5]. Other factors are
system performance [3, 8], system reliability [3] and
technical aspects and tools features - e.g., effect of
designed features, expected and experienced system
functioning [2, 6].

The greatest importance is therefore assigned to
the knowledge factor, i.e. the quality in which the ap-
plication conveys knowledge to the user, which was
discussed by Chardonnet [11]. This is followed in or-
der of importance by utility, VR technology, system
performance and the technical aspects and tools fea-
tures, each of which are mentioned by Yoon [13].

The quality of the graphical representation [2]
includes all aspects of an application that relate to
the graphical representation. It includes the sub-
aspects of software, degree of accuracy, structure,
fineness/detail, concept, design, texture, value, claim
and 3D character or character appearance. These as-
pects can be found in Napetschnig [2], whereby de-
gree of accuracy can also be assigned to Kojić [7] and
3D character or character appearance, design and tex-
ture to Wienrich [8]. Finally, the aspects of the 2D
model display and the 3D display, which are assigned
to Ye [3], should also be mentioned.

The greatest importance was placed on the aspects
of degree of accuracy [2, 7], design [2, 8], texture
[2, 8] and 3D character/avatar appearance [2, 8]. In
general, it can be seen that realism and accuracy of
the representation play a major role among users. It
is important to mention that the aspects of graphical
representation dealt with were not always clearly de-
finable, particularly in the case of Wienrich [8], as
some of the evaluating participants made inaccurate
descriptions of their experience with the simulation.
An attempt was made to classify this information as
well as possible in the given categories.

VRise (VR sickness or VR induced symptoms and
effects) is considered here under the aspect of nega-
tive physiological reactions to VR applications. In the
course of this, all of the following aspects of Kourtesis
[1] are dealt with, as well as absence or insignificant
presence of nausea, absence or insignificant presence
of disorientation and cybersickness by Wang [14].
The latter is the only part of this list to be found in
Chardonnet [11] and the absence or insignificant pres-

ence of dizziness in Yoon [13]. The remaining param-
eters are absence or insignificant presence of fatigue
and absence or insignificant presence of instability.

The greatest importance can obviously be at-
tributed to cybersickness, which includes many of the
other sub-aspects. It is therefore mentioned directly in
three sources, while the absence or insignificant pres-
ence of nausea [1, 14], absence or insignificant pres-
ence of disorientation [1, 14] and absence or insignif-
icant presence of dizziness [1, 13] are only mentioned
in two sources each.

Finally, motivation in use will be discussed. It
describes the aspects of a VR application that moti-
vate its use. Napetschnig [2], Borsci [4], Wienrich
[8] and Kojić [7] address these aspects. Napetschnig
[2] also refers to the subcategories logging, configura-
tion, adaptability/customizability for different needs
and interests, which is also mentioned by Kojić [7],
practicability [8, 9], user-friendliness [7, 8] and us-
ability [3, 8]. Learnability is only mentioned by Ye
[3].

Practicability [2, 8, 9], user-friendliness [2, 7, 8]
and usability [2, 3, 8] were mentioned the most of
these factors, apart from the factor of motivation in
use in general, which means that they are assigned
the greatest importance.

It is obvious that the aspects for evaluating VR
applications are not only numerous, but also cover
a spectrum of sub-areas. Not only are issues as the
visual and acoustic representation of the immersive
world important, but also the effect of this world on
the user, which in turn can be broken down into differ-
ent aspects such as physiological reactions, the learn-
ing effect or sensory impressions. However, the ques-
tion arises as to whether this selection of criteria is
sufficient for the rapidly advancing state of VR tech-
nology or whether the questionnaires are already out-
dated compared to the demand for the evaluation of
VR applications.

3 EVALUATION METHOD

The question posed will be answered using a quali-
tative research approach. This is particularly suitable
for the present study, as it has a small sample size
and an explorative character. The latter aims to gain
deeper insights into user perceptions.

The data was collected as part of an experiment
conducted during a science camp with pupils at the
age of 13-15 years. Two groups of twelve technol-
ogy and science enthusiasts took part in the study.
These participants represent the target group that will
increasingly come into contact with VR technologies
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Figure 1: Procedure of the survey.

in the future. The application VR-BioTech-House
was tested by the young people in an educational ap-
plication with the goal of developing categories for
evaluating the application. The implementation was
part of a workshop on the topic of xR and AI. Firstly
the students were introduced to xR and AI, then they
were tasked with the development of evaluation crite-
ria with the help of ChatGPT in groups of two. Only
after that they had the oportunity to test the VR ap-
plication BioTech-House which is presented below.
Finally after the exploration phase, the criteria of all
groups were discussed and if necessary amended or
more added as can be seen in Figure 1.

The VR-BioTech-House application is an educa-
tional tool in the field of biotechnology that allows
learners to explore everyday applications of biotech-
nology within a virtual simulation of an ordinary
house. Participants can engage in hands-on activi-
ties to produce biotechnology products, such as yo-
gurt [15], red wine, and yeast for bread-making [16].
In this experiment, the yogurt-making scenario was
selected as the test case.

The central instruments of this study were the
VR scenario, which served as the object of the ex-
periment, and the online notepad, which the student
groups used to record their criteria. The evaluation
criteria thus found are the data of this study. The du-
ration of the testing phase of the VR-application for
each person was 25 minutes. During that, they could
explore the application freely and did not get any out-
side instructions unless they asked for it. The goal
was a successful completion of the scenario.

4 RESULTS

The results of the qualitative analysis revealed diverse
user needs and expectations for VR applications, fo-
cusing on hardware, software, and other contribut-
ing factors. These insights emphasize the importance
of aligning the design and evaluation of VR systems
with these requirements to enhance user satisfaction
and functionality.

The first thematic block focuses on hardware, as
illustrated in Figure 2. An important point here is ro-

bustness, which refers to the hardware’s resistance to
physical stress. The sensor accuracy or tracking is
also relevant concerning the precision with which the
sensors detect and reproduce movements. Another as-
pect to consider is sustainability and fair trade, which
aim to ensure environmentally friendly manufactur-
ing and fair production conditions. The connections,
in particular connectivity, are also relevant. The latter
includes the type and number of connections as well
as possible wireless connections. The field of vision
provides information about the area that users can see
through the hardware. The term comfort covers both
the ergonomics and the wearing comfort of the de-
vices. Another topic is the controllers. In this con-
text, functionality is of central importance, whereby
the operation and input options of the hardware are
of crucial relevance. Finally, the sensory impressions
are also relevant, which are influenced by audio and
graphics, especially color, and determine the sensory
perception of the user.

In the second thematic block, the results on the
topic of software are sumarized and can be seen in
Figure 3. A key aspect is user-friendliness, which
refers to the ease of use and intuitive operability of the
software. The software’s ability to support multiple
users simultaneously is addressed in the multiplayer
category. The ability to customize the setting and con-
tent to meet the specific requirements and needs of the
user is also of particular relevance. Adaptation to the
respective learning level and consideration of differ-
ent learning types are particularly important here. An-
other aspect to consider in this context is the perfor-
mance of the software. It is of interest how smoothly
it runs and how stable it is in use. The integration of
visual or auditory effects and surprises can have a pos-
itive influence on the user experience. The ability of
users to actively interact with the software is another
important aspect that is subsumed under the term in-
teractivity. The quality of the content offered by the
software is recorded under the Content category. In
this context, the fun of using the software and the top-
icality of the content, which is ensured by regular up-
dates, are also emphasized. Furthermore, the focus
on a specific target group is relevant, as adapting the
software to the needs of this user group is essential.
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Figure 2: Results with a focus on hardware.

Figure 3: Results with a focus on software.

The aspect of comprehensibility of the application in-
cludes the adequate explanation of the functions and
content of the software. In this context, the precise
definition of the learning objectives is of crucial im-
portance. Finally, the style of the software is also rel-
evant, as is the extent to which the application is de-
signed realistically.

In the last block, all topics that relate to neither
hardware nor software are assigned. These are sum-
marized in Figure 4. In the context of the use of VR,
the aspect of health is also relevant, whereby the ef-
fects of the use of VR on health must be examined.
It is also necessary to determine how efficient the use
is, in particular the suitability of the experience in the
context of learning and its potential to promote long-
term engagement. Another aspect is the feeling or
gaming experience evoked by the app, as well as the
difficulty of use and integration into everyday teach-
ing. The next aspect discussed was accessibility, with
a particular focus on adjustable language options.

After testing, most participants did not add any
new categories. However, a few added topics such

as task and learning management as well as language
and room boundaries. One group wrote: “We would
definitely use other criteria now, e.g. content, audio”.

Compared with the findings of the literature re-
view, it is notable that most criteria found during
the review were mentioned by the different student
groups in one way or another. The depths of the de-
scription may have varied, but the general implica-
tion was present. Notable for these similarities are
for example user-friendliness as found in the evalu-
ation with the criteria ease of use and intuitive oper-
ability of the software, with the corresponding criteria
that appeared during the literature review in the cate-
gories user-experience (ease of use) and Motivation in
use (user-friendliness). Notable differences between
the literature review and the BioTech-House evalua-
tion are that different areas were emphasized. Dur-
ing the evaluation, a clear category of hardware was
formulated while during the literature review the cri-
teria that are influenced by hardware are sub-aspects
of bigger categories. Furthermore, the evaluation
put more emphasis on a game-characteristic (Feel-
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Figure 4: Results with a focus on general topics.

ing/Gameexperience, Fun), while the closest criteria
of the literature review is motivation in use. The only
two categories unique to the evaluation are the criteria
multi-player and sustainability.

The findings provide key insights into the future
development of BioTech-House. Hardware consider-
ations, such as robustness, comfort, and precise track-
ing, are essential for creating a reliable and immer-
sive learning experience. On the software side, user-
friendly interfaces, adaptive learning features, and
high-quality content are crucial to making virtual ex-
periments both engaging and pedagogically effective.
The participants also stressed the importance of inter-
activity, real-time feedback, and accessibility to en-
sure inclusivity and usability in diverse educational
contexts.

In general, these findings offer practical guid-
ance for the evaluation and improvement of BioTech-
House. By addressing user needs in both hardware
and software design, the application can optimize its
effectiveness as a virtual learning tool. Furthermore,
the results contribute to a broader understanding of
how to develop VR systems that are both engaging
and educationally impactful.

5 DISCUSSION

This analysis provides a comprehensive summary of
user needs and expectations regarding the BioTech-
House educational application, offering clear direc-
tions to optimize hardware, software, and overall user
experience. In particular, the discussion of hardware
emphasizes the importance of comfort, graphical and
audio presentation, and robustness. These attributes
are indispensable for tools used in educational set-
tings, especially by students, where durability and re-
liability under varying conditions are critical.

Insights on software usability provide actionable
guidance for developers working to enhance the ap-
plication. Key factors include user-friendliness, sup-

port for multiplayer interactions, and the ability to
customize educational content. Additionally, efforts
to improve content engagement and maintain high-
quality learning materials are essential to meet the
needs of university students and other learners. Ad-
dressing aspects such as tailored content, adaptive dif-
ficulty levels, and seamless interactivity is crucial to
ensure the software’s educational effectiveness.

The results of this qualitative analysis align
closely with the practical requirements of the
BioTech-House project. These findings offer a
roadmap for refining the user experience and strate-
gically integrating features desired by users, thereby
supporting the next stages of development. By ad-
dressing these considerations, BioTech-House can
better fulfill its goal of delivering an engaging and ef-
fective virtual learning tool.

6 CONCLUSIONS

This study investigates the relevance of existing eval-
uation categories of VR experiences. It highlights the
need for diverse evaluation parameters that encom-
pass immersion, spatial perception, and psychological
reactions. The literature review suggests that existing
methods take these aspects into account, but the re-
sults indicate that this study may be limited by biases
due to AI systems or participant influence. Further-
more, due to the specific background of the partici-
pating students as people with an interest in science
and technology it is possible that they did not think of
difficulties people with a lesser interest would have or
put a greater emphasis on the abilities of hardware.

To improve the evaluation, the development of an
integrative framework combining methods from dif-
ferent disciplines such as psychology, computer sci-
ence and design is proposed. Interdisciplinary ap-
proaches seem particularly suitable for comprehen-
sively mapping the complex dimensions of VR expe-
riences. Future research directions could investigate
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how machine learning can be used to personalize VR 

experiences and adapt the evaluation in real time, they 

could explore if a greater focus on the impact of the 

used hardware in the evaluation could be helpful. 

A sustainable and adaptable development of 

these evaluation strategies is seen as crucial to realize 

the full potential of VR technologies. Close 

collaboration among survey designers, developers, 

and end-users is essential to bridge the gap between 

technological advancements and user feedback. 
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