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As a young class of socio-technical systems, Augmented Reality (AR), which enriches the real world with virtual informa-
tion, is becoming increasingly important. It offers a variety of possibilities in the areas of education and training. Here,
interactive and immersive learning experiences increase motivation and learning success. AR also enables the specific
support of workers in the production environment. When dealing with complex tasks, AR applications help workers to
increase efficiency and quality. Based on the developments of the BMBF collaborative project KORESIL, this paper con-
tains an overview of the current application scenarios of AR in teaching and industry. The outlook provides an analysis of

this technology’s potential and identifies current challenges in hard- and software.
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1 Introduction

Digital technologies are currently triggering a fundamen-
tal transformation that is affecting all areas of life. In terms
of its impact, this process of digital transformation can be
compared with the industrial revolution. In the professional
sector in particular, the implementation of digital technolo-
gies and methods is associated with expectations especially
with regard to increased work efficiency and quality. As a
result, digitization is broadly expected to make a significant
contribution to the competitiveness of companies [1, 2].

One sector of digital transformation with significant eco-
nomic potential are socio-technical systems, which are char-
acterized by a very intensive interaction between humans
and machines. Such systems can be found in various
areas such as healthcare, transportation, telecommunica-
tions, and, in particular, production. Socio-technical sys-
tems already show a significant influence on the way we
work today. Their impact is further amplified by develop-
ments in modern production environments, as a result of
which employees are less involved in the direct manufactur-
ing process and instead perform complex monitoring and
control tasks. In order to manage work with increasingly
sophisticated technologies, digitally enhanced and easy-to-
use socio-technical systems can provide essential support in
both the learning and operating phase.

Such systems can be advantageously implemented in the
form of Mixed Reality (MR) applications. These can be
classified according to Milgram’s Reality-Virtuality (RV)
continuum, see Fig. 1. The concept relies on the two poles
Real Environment and Virtual Environment. In between
it spans a wide range of mixed reality, characterized by a
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seamless transition between Augmented Reality (AR) and
Augmented Virtuality (AV) [3].

Especially AR is currently attracting great attention.
Applications based on this technology have a broad appli-
cation potential both for training and further education, as
well as in the industrial processes of development and pro-
duction. In AR, objects are superimposed on the user’s field
of view, thus enriching reality with supporting information
from sensors, simulations or human experts in the back-
office. In a similar way, new systems, technologies, and work
processes can be made accessible in a playful and safe way.
Here, the incorporation of 3D objects, sounds, and hap-
tics enables an immersive training. The novel possibilities
in teaching, training, industry or marketing associated with
AR lead to the highest expected growth rate among all MR
technologies [4, 5].

Common AR devices are holographic glasses, wrist
devices such as smartwatches, tablets, info glasses, head-
up displays or projector-based imaging devices. All of these
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| posefully to changing situations in
Virtual Reality industrial production and to increase
VR process efficiency in this way [14, 15].
Likewise, installation, maintenance
or quality assurance work [11, 16] as
well as cooperation with robots [17]
can be accompanied and supported.
Some of these application scenarios
are discussed in more detail in this
paper with reference to the work in
KORESIL.

Figure 1. Milgram'’s Reality-Virtuality continuum (a) visualized using an extrusion press (b).

devices have undergone rapid development in recent years
in terms of quality, functionality, costs, and availability. As a
result, corresponding applications are already being used for
training of employees on new equipment, risk-free practice
of dangerous situations, or preparation of complex opera-
tions in medical technology [6-8]. Promising application
scenarios are also available for university teaching in terms
of learning environments enriched by simulations or remote
labs [9, 10]. Here, it is particularly advantageous that the
corresponding education and training applications can usu-
ally be employed independently of location and time. In
component development, such solutions help to realistically
visualize designs in civil and mechanical engineering and
to jointly analyze them in globally distributed teams [11-13]
(Fig. 2).

Concepts that provide employees with additional infor-
mation directly during their work have particular potential

The present impulse paper is
part of a special issue of the journal
Chemie Ingenieur Technik, which
deals with challenges and opportunities in education in
the context of Industry 4.0. The authors of this paper dis-
cuss various fields of application where AR technology is
capable of improving training as well as production. The
incorporated examples are based on the expertise avail-
able in the KORESIL research consortium, spanning both
the technological and educational aspects of the respec-
tive institutes. Each field of application is compared with
existing research in the field, while important aspects of
development, implementation, and testing are discussed.

The intention is to showcase, what is currently possible
with state-of-the-art AR technology combined with Indus-
try 4.0 solutions. For instance, higher education or practical
training can substantially benefit from enhanced immer-
sive solutions. In industries such as the chemical industry,
large facilities can be tested in the preface of installation and
instructions or repair processes can be practiced without the
need for physical presence on-site.
With this impulse paper, the authors

Increased motivation

Interactive learning
4 /;‘ 2

express their hope that readers find
inspiration for their own field of

- expertise.

2 Impulses from the
KORESIL Project

The wide range of applications of MR
was investigated by the KORESIL
project on the basis of five example
applications for a gesture- and voice-
controlled AR device (holographic
glasses, type: Microsoft HoloLens 2).
The selection of the scenarios was
based on the assessment of the

research consortium, which includes

Figure 2. Merging the real and virtual worlds thanks to augmented reality. Potentials are five technical universities. The most

given in numerous forms in the areas of industry as well as education.

www.cit-journal.com

© 2024 The Author(s). Chemie Ingenieur Technik published by Wiley-VCH GmbH

important selection criterion was the

Chem. Ing. Tech. 2024, 96, No. 11, 1475-1481

85UB017 SUOWIWIOD BA11e81D) 3ol jdde ay) Aq peuenob ase ool VO 85N JO So|n. 10y Akeld1T8UIIUQ AB]1A UO (SUONIPUOD-PUR-SWSIALI0Y"AB| 1M Afe.d 1 jBul [Uo//Sdiy) SUORIPUOD pue swie 1 8y} 88S *[9202/20/0] uo Areiqiauljuo A|IM ‘PuUnWLOq 1eeySBAIuN aYasIUYDe L Aq £2TO0EZ0Z 8)19/200T OT/I0p/W00" A8 1M Aselq1jpuljuo//sdny woiy pepeojumod ‘TT ‘7202 ‘0v9zzesT


http://www.cit-journal.com

Chemie

Ingenieur Research Article
Technik

1477

Remote Control

Workstation Design

Figure 3. Overview of the AR applications of the joint project
KORESIL. For each of the five examples the chapter high-
lights their main field of application regarding production
and/or educational environments while addressing remaining
technical challenges.

potential benefit for production companies. The applica-
tion scenarios are shown in Fig. 3 and serve the following
aspects:
- Supporting employees in the working environment
- Promoting in-depth plant and process understanding
- Monitoring and controlling production processes
- Minimizing downtime
- Improving technical marketing

Remote control has been at the center of AR develop-
ments in industrial applications in the recent years. While
conventional remote control of machines is nothing new
in the field of manufacturing [18] and education as well
[9], AR offers a vastly more immersive user experience.
Users can directly observe machines and processes in real
time and in 3D. Until recently, remote control through AR
mostly focused on immersive human-to-human collabora-
tion where the actual remote control was performed by a
person on-site, as the direct interface between machines
and AR devices is not yet established [19]. Consequently,
in the KORESIL project, the aspect of remote control was
enhanced by directly linking the AR operator with the
machine itself, circumventing the need for a person on-
site. For example, the remote-controlled operation of a 3D
printer and an industrial robot was realized with the aid of
the aforementioned AR glasses. For this purpose, the com-
munication interfaces of the machines were linked directly
to the holographic glasses via a cloud-based approach. The

user’s actions are translated into data packets by the soft-
ware, which are sent to a server via WiFi. There, they are
processed and transmitted to the intended device, e.g., the
robot. Due to the bilateral form of communication, sensor
data can be sent to the AR glasses in return. These can be
used, for example, to calculate and display 3D holographic
images of the machines in real time. Such technologies thus
enable humans to spatially separate from the operation and
monitoring of machines.

Preliminary internal tests have shown that amongst expe-
rienced technicians as well as undergraduate students the
applications are reported to be easy-to-use with a steep
learning curve, once the general control of the AR device
is mastered. However, in such applications, it can be prob-
lematic to integrate older production machines, as these
often do not have the necessary modern interfaces. At the
same time, the issue of data security must be addressed
so that there is no externally controlled, possibly damaging
intervention and no unwanted monitoring.

Even though the planning of entire factories or assem-
bly processes is already performed digitally, the immersive
experience is often realized through Virtual Reality (VR)
[20]. AR by contrast can offer a better user experience,
especially when working longer with a device [21]. Fur-
ther, interactions with real objects and tools is naturally
enabled, as the AR devices use transparent displays. This
facilitates more in-depth planning of processes involving
multiple tasks and tools.

In KORESIL, through an application for flexible work-
station design, it was demonstrated that AR allows for a
preparatory analysis of people and their actions in new
work environments. Here, either different scenarios can
be specified and compared, or users are given additional
design freedom. This enables an optimized reconfiguration
or redesign of workplaces without having to conduct cost-
intensive tests in the real workplace. One possible scenario is
the integration of cobots in an existing workplace. If the pro-
ductivity of workers is to be increased, this can be done by
automating simple work steps. However, since each person
has individual needs and requirements for his or her work-
place and also for enhancement by means of cobotics, these
should first be tested and adapted to the individual. In an
AR environment, the new cobot can be tested without the
need to place it in different locations in the real workplace.
In an adapted form, such a scenario can also be used for
factory planning and larger reconstruction measures. The
future human being operating in this environment should
always be in the foreground of the planning. Currently, the
integration of real components and tools into the AR envi-
ronment is still challenging. Accordingly, results from pure
AR analyses, in which the workers do not have to move any
objects with mass, for example, are to be assessed critically.

In conjunction with the Industrial Internet of Things
(IIoT), AR opens up new approaches for monitoring pro-
cess analysis. Traditionally, the application of AR in such
cases focused on the straightforward display of sensor data,
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application and additional scenarios
have been added, such as the tem-
o Contg2 porally asynchronous exchange of
information (e.g., from one work-
shift to the next). This allows impor-
tant instructions or feedback to be
digitally attached to a machine and
retrieved at any time by an adequate
device. Again, this does not neces-
sarily have to be done on-site at the
machine, but can also be performed
at a digital twin. For corresponding
applications to achieve added value
in industry and training, they must
be designed according to the require-
ments of the respective working envi-
ronment and all those involved must

‘g Configét

Figure 4. Detailed AR models of real production machines can be used for education and
training purposes as well as directly in the production environment.

e.g., in the form of values or graphs when monitoring
chemical processes [22]. To enhance the immersivity and
allow for more complex decision making, the corresponding
KORESIL application visualizes previously calculated com-
puter simulation data holographically at the corresponding
location in the machine [21].

Live sensor data serve as a basis for selecting which simu-
lation to display. The comparison of current states (pressure,
temperature, ...) with previously calculated target states
enables the user responsible for monitoring to intervene
more quickly and in a more targeted manner and to better
react to unforeseen situations. This is particularly true for
states that lie outside the familiar monitoring ranges of auto-
mated systems, because human experience plays a greater
role here. If sensor data is stored and remains linked to sim-
ulation data, training scenarios can be derived from this
data. In training environments, specialists can then specif-
ically try out how to react correctly to certain situations in
a safe environment. At the same time, the real production
plant does not have to be stopped or replicated for such
training scenarios (Fig. 4).

A widespread field of application for AR in production
environments is the category of digital assist [23]. Many
companies have already gained experience with the concept
of remote maintenance, in which an expert is connected to
a local technician by means of an AR device. A video and
audio stream can be transmitted so that communication can
take place regardless of location. If holographic glasses are
used, those working on site can continue to use their hands
freely and at the same time receive relevant information,
such as arrows, instructions, highlights, exploded draw-
ings, etc., superimposed in the correct location. Through
such systems, remote maintenance work can be carried out
faster and more cost-effectively. The area of digital assist has
been extended even further in the corresponding KORESIL

be trained in their efficient operation.

In the context of Education 4.0,
MR applications offer far-reaching
potential [24]. MR technology itself,
and herein especially holographic AR, is already an amalga-
mation of many, highly developed components in the fields
of optics, sensor technology, software, and data processing.
Thus, corresponding end devices represent a natural bridge
between digital transformation in production and in educa-
tion. As a classic application example for production-related
training using AR, machine instructions were implemented
in KORESIL using the example of an injection molding sys-
tem. The users are guided through the start-up process of
the system with cues and can check their success using a
checklist. The repeated repetition of the work steps with
successive reduction of the instructions is intended to con-
solidate the contents with the learners. The novelty of this
application was the multimodal approach taken regarding
the instructions.

Visual cues highlighting the relevant components are
available together with text-based instructions as well as
audio information for further guidance. In training appli-
cations of this kind, specialists can therefore try out the
operation of systems and processes in a hazard-free train-
ing environment while individual learning preferences can
be accounted for. At the same time, the actual production
machine can continue to be used in operation. Correspond-
ing scenarios must be designed in such a way that they
authentically convey contexts and sustainably build up com-
petencies. If such a training application merely replaces the
direct instructions of a supervisor, the training promotes the
rapid completion of tasks through visual support.

However, often learners do not go beyond the simple
following of instructions and therefore lack a deeper under-
standing of their own actions. This superficial conduction
of tasks potentially creates problems when applied to the
real process or might hamper the improvement of processes
by the users [25]. The former is especially problematic in
the context of potentially dangerous situations, because the
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skilled workers do not recognize virtually non-visualized
hazards later in reality if the tasks are completed as quickly
as possible in the AR training environment. For this pur-
pose, the KORESIL consortium has developed a novel
collaboration technology, thanks to which, e.g., trainers and
trainees can interact with each other time-synchronously
and location-independently in the same AR environment.
As known from other didactic contexts, an accompanying
social component, and hence the new collaborative AR fea-
ture, promotes learning success and increases efficiency as
well as safety.

3 Looking Ahead

MR applications have not yet reached the mainstream,
either in manufacturing or education. This emerging class of
socio-technical systems has not yet had its iPhone moment,
or as it would recently be referenced, its chatGPT moment.
These moments are characterized by their historical impact
on the dissemination of a new technology. Even before the
iPhone or chatGPT appeared, there were representatives of
these technology classes, but with less widespread impact.
What both cases have in common, however, is that they
acted as catalysts for their respective industry or technology.
From that point onward, the development and proliferation
of associated technologies increased exponentially. For MR,
this moment is yet to come.

In addition, there are currently still far-reaching chal-
lenges. For example, there is a lack of compelling, end-user-
friendly, and affordable hardware for MR, but especially AR,
the largest growth market within these technologies. AR
devices are often too heavy and ergonomically immature, or
their performance significantly limits the achievable appli-
cation quality. In AR, the small field of view and image
sharpness often acts as a limiting factor. These disadvan-
tages no longer exist in the VR sector today. However, such
devices are considered unsuitable for use in production
environments from the point of view of occupational safety,
as the users are no longer able to perceive their surroundings
if the external cameras or the display fail.

In addition to the hardware, significant hurdles also
remain at the software level. Currently, the development
of sophisticated applications for a wide range of devices is
very time-consuming and cost-intensive. This is compara-
ble to homepage development in the 1990s. What was once
a skill with enormous technical requirements can nowa-
days be done by anyone in an automated way. This must
also be achieved for MR applications in order to gener-
ate a large number of high-quality applications with broad
availability. Such applications are also the key to increasing
acceptance among users, especially the older working pop-
ulation, which is rich in experience but less digitized [26]. A
variety of factors play a decisive role here: degree of immer-
sion, perceived interactivity, trust, ergonomics and comfort,
intuitiveness and usability, customizability, quality of infor-

mation, availability, and many more. As aptly formulated
by Brunkow et al: “A high degree of perceived simplicity
and perceived usefulness results in a positive behavioral
attitude on the part of the user, which subsequently leads
to the actual use of the technology” (quote from [27]).
These aspects can only be met by a fine-tuned interaction
of software and hardware.

In the design of education- and training-focused applica-
tions, new criteria for interaction design and subject-specific
didactic guidelines must also be taken into account. With
a prior knowledge in the requirements of low-immersive
remote laboratories [28], the KORESIL consortium aimed
to derive guidelines for the use of AR in manufacturing
and education [21]. This research is still ongoing and sup-
ported by psychology experts, who are looking at interaction
design from a different perspective. Their insights can pro-
vide valuable hints for the development of user-friendly
applications adapted to the respective working and learning
environments. This is a basic prerequisite for the successful
use of these technologies as part of both Industry 4.0 and
Education 4.0.

If the aforementioned challenges can be successfully
addressed in the coming years, this technology offers enor-
mous potential. The technology is not far from Steven
Spielberg’s visions in the 20-year-old classic Minority Report
of gesture-controlled manipulation of images, data, sketches,
models, and videos on semi-transparent displays or overlays
in hard hats. Another key is likely to be the improve-
ment of input interpretation by AI models. If the computer
can correctly interpret user inputs at all times, the per-
ceived intuitiveness and immersiveness can be significantly
increased. This refers in particular to multimodal interac-
tions with the virtual or augmented environment, i.e., when,
for example, gesture, eye, and voice control are combined.
Haptic feedback devices, such as force-feedback gloves, will
make an important contribution to enhancing immersivity
in this context, which was already shown by the KORE-
SIL consortium [29]. Currently, full-body feedback systems
are also being designed so that even more immersive inter-
actions with the holographic objects can be experienced
[30].

As Einstein already noted, every advance has an incon-
spicuous beginning. In order for AR to help drive the
overall social trends Industry 4.0 and Education 4.0 for-
ward, the use of this technology must be embraced at all
decision-making levels. Intensive communication and sup-
port of necessary changes by the management level as well
as flexibility and willingness of employees to undergo fur-
ther training are essential prerequisites for fully exploiting
the possibilities of AR technology. At the same time, a clear
added value for the company and society must be defined
and communicated. This can be, for example, an increase
in productivity, faster training of skilled workers, or secur-
ing retiring expert knowledge. The right technology must be
carefully selected for the various scenarios, so that in the end
there is a benefit for both people and the company.
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4 Summary

To strengthen competitiveness and innovation, the topic
of Industry 4.0 and Education 4.0 is now well-established
among companies and educational institutions. MR, and in
particular AR, which enriches the real world with support-
ing information, is currently crystallizing as a promising
technology for promoting these developments. This tech-
nology offers great potential for digital transformation in
various areas of life, including industry and education
in particular. With suitable applications, learning can be
improved and the efficiency as well as the quality of work
steps can be increased. In this impulse paper, novel technical
solutions were discussed for different application scenarios
and their potential in educational and industrial envi-
ronments was evaluated. Especially for novel features like
bilateral communication between holographic glasses and
industrial machines as well as location-independent collab-
oration in augmented worlds, the successful implementation
by using current technologies was described.

Currently, challenges still exist in the areas of user-
friendly software and affordable, high-performance hard-
ware. At the same time, humans need to be trained in
interacting with the hardware and software on the one hand,
and their behavior needs to be researched on the other hand,
in order to derive design guidelines for AR applications used
in industry and education. If people are supported by well-
designed AR applications, the authors are convinced that AR
technology can bring about far-reaching positive changes in
both professional and private life.

Acknowledgment

This work was performed within the collaborative project
KORESIL. The joint project is funded by the German
Federal Ministry of Education and Research (BMBF) and
supervised by the Project Management Agency Karlsruhe
(PTKA) (funding codes 02P20Z000 - 02P20Z004).

Open access funding enabled and organized by Projekt
DEAL.

Abbreviations

AR  augmented reality
MR mixed reality
VR  virtual reality

References

(1]  Slack Technologies, LLC, The State of Work 2023, 2nd ed.,
Global survey, San Francisco, CA 2023.

[2] XPLM Solution GmbH, Industrie-Studie 2023 - Erfolgsfaktor
Daten, Dresden 2023.

[3] P. Milgram, E Kishino, IEICE Trans. Inf. Syst. 1994, E77-D (12),
1321-1329.

www.cit-journal.com

(12]
(13]

(14]

(15]

(18]

(19]

[20]

(21]

[22]

(23]

© 2024 The Author(s). Chemie Ingenieur Technik published by Wiley-VCH GmbH

E  Zandt, AR schligt VR 2023, https://de.statista.com/
infografik/29325/geschaetzte- weltweite- umsaetze-in-den-
segmenten-augmented-und-virtual-reality/ ~ (Accessed  on
September 28, 2023)

Forrester Research, Inc., The Total Economic Impact™ of PTC
Vuforia, Study, Cambridge, MA 2019.

C. Andrews, M. K. Southworth, J. N. A. Silva, J. R. Silva,
Current Treat. Options Cardiovasc. Med. 2019, 21 (4), 18.
DOI: https://doi.org/10.1007/s11936-019-0722-7

S. Gerth, R. Kruse, in Virtual Reality und Augmented Reality
in der Digitalen Produktion (Eds.. H. Orsolits, M. Lackner),
Springer Gabler, Wiesbaden 2020.

S. Speidel, S. Bodenstedst, E. Bechtolsheim, D. Rivoir, I. Funke,
E. Goebel, A. Mitschick, R. Dachselt, J. Weitz, in Tactile Internet
with Human-in-the-loop (Eds: F. Fitzek et al.), Elsevier, online
2021.

J. Grodotzki, T. R. Ortelt, A. E. Tekkaya, Procedia Manuf.
2018, 26, 1349-1360. DOI: https://doi.org/10.1016/j.promfg.2018.
07.126

H.-H. Schmidt, Schlussbericht des Teilvorhabens der Volkswagen
AG/AutoUni im Verbundprojekt ILehLe - Die Intelligente Lehr-
Lernfabrik, Volkswagen AG, Salzgitter 2020.

S. Nolle, Augmented Reality als Vergleichswerkzeug am
Beispiel der Automobilindustrie, Dissertation, TU Minchen
2006.

J. Pfeiffer, Wie Virtual Reality die Produktentwicklung beschle-
unigt, MaschinenMarkt 2021.

L. Stotz, Was die 3D-Simulation der Fertigungsautomatisierung
bringt, MaschinenMarkt 2021.

L. Labbus, Cyber-physische Produktionssysteme fiir die energieef-
fiziente Komponentenproduktion, 1st ed., AutoUni — Schriften-
reihe, Springer Vieweg, Wiesbaden 2021.

M. E. Porter, J. E. Heppelmann, Why every organization
needs an augmented reality strategy, Harvard Business Review
2017.

Z. Engli, Zsolt erklart: Mit Augmented Reality Wartung und
Service neu definiert, EngineeringSpot.de 2022.

S. Aivaliotis, K. Lotsaris, C. Gkournelos, N. Fourtakas,
S. Koukas, N. Kousi, S. Makris, Int. . Comput. Integr.
Manuf. 2022, 1-27. DOI https://doi.org/10.1080/0951192X.2022.
2104459

H. V. Madhyastha, C. Okwudire, in HotMobile -20: Proc.
of the 2IInt. Workshop on Mobile Computing Systems and
Applications (Ed.: P. Pillai), Austin TX, March 2020.

D. Breitkreuz, M. Miiller, D. Stegelmeyer, R. Mishra, in
Extended Reality: Proceedings, Part I, Vol. 13446 (Eds: L. T.
De Paolis, P. Arpaia, M. Sacco), Springer Nature, Switzerland,
2022.
https://www.press.bmwgroup.com/deutschland/article/detail/
T0294345DE/ganz-real:-virtual-und-augmented- reality-
eroeffnen-neue-dimension-fuer-das- produktionssystem- der-
bmw-group?language=de (Accessed on July 18, 2024)

J. Grodotzki, B. T. Miiller, A. E. Tekkaya, in North Ameri-
can Manufacturing Research Conference (NAMRCS51), Society of
Manufacturing Engineers 2023.

O. Naef, P. Crausaz, Int. J. Online Biomed. Eng. (iJOE) 2006, 2
4.

C. Botto, A. Cannavo, D. Cappuccio, G. Morat, A. N.
Sarvestani, P. Ricci, V. Demarchi, A. Saturnino, in 2020 IEEE
Conf. on Virtual Reality and 3D User Interfaces workshops: VRW
2020 proceedings, Atlanta, GA, March 2020.

S. P. Suryodiningrat, A. Ramadhan, H. Prabowo, H. B. Santoso,
T. Hirashima, J. Comput. Educ. 2023, 1-24. DOI: https://doi.
0rg/10.1007/s40692-023-00281-z

Chem. Ing. Tech. 2024, 96, No. 11, 1475-1481

85UB017 SUOWIWIOD BA11e81D) 3ol jdde ay) Aq peuenob ase ool VO 85N JO So|n. 10y Akeld1T8UIIUQ AB]1A UO (SUONIPUOD-PUR-SWSIALI0Y"AB| 1M Afe.d 1 jBul [Uo//Sdiy) SUORIPUOD pue swie 1 8y} 88S *[9202/20/0] uo Areiqiauljuo A|IM ‘PuUnWLOq 1eeySBAIuN aYasIUYDe L Aq £2TO0EZ0Z 8)19/200T OT/I0p/W00" A8 1M Aselq1jpuljuo//sdny woiy pepeojumod ‘TT ‘7202 ‘0v9zzesT


https://de.statista.com/infografik/29325/geschaetzte-weltweite-umsaetze-in-den-segmenten-augmented-und-virtual-reality/
https://de.statista.com/infografik/29325/geschaetzte-weltweite-umsaetze-in-den-segmenten-augmented-und-virtual-reality/
https://de.statista.com/infografik/29325/geschaetzte-weltweite-umsaetze-in-den-segmenten-augmented-und-virtual-reality/
https://doi.org/10.1007/s11936-019-0722-7
https://doi.org/10.1016/j.promfg.2018.07.126
https://doi.org/10.1016/j.promfg.2018.07.126
https://EngineeringSpot.de
https://doi.org/10.1080/0951192X.2022.2104459
https://doi.org/10.1080/0951192X.2022.2104459
https://www.press.bmwgroup.com/deutschland/article/detail/T0294345DE/ganz-real:-virtual-und-augmented-reality-eroeffnen-neue-dimension-fuer-das-produktionssystem-der-bmw-group?language=de
https://www.press.bmwgroup.com/deutschland/article/detail/T0294345DE/ganz-real:-virtual-und-augmented-reality-eroeffnen-neue-dimension-fuer-das-produktionssystem-der-bmw-group?language=de
https://www.press.bmwgroup.com/deutschland/article/detail/T0294345DE/ganz-real:-virtual-und-augmented-reality-eroeffnen-neue-dimension-fuer-das-produktionssystem-der-bmw-group?language=de
https://www.press.bmwgroup.com/deutschland/article/detail/T0294345DE/ganz-real:-virtual-und-augmented-reality-eroeffnen-neue-dimension-fuer-das-produktionssystem-der-bmw-group?language=de
https://doi.org/10.1007/s40692-023-00281-z
https://doi.org/10.1007/s40692-023-00281-z
http://www.cit-journal.com

Chemie
Ingenieur  Research Article 1481
Technik
[25] D. Wuttke, A. Upadhyay, E. Siemsen, A. Wuttke-Linnemann, [28]  O. Kleinschnittger, N. Strenger, M. Petermann, S. Frerich, J.
Me&SOM 2022, 24 (4), 2349-2366. DOI: https://doi.org/10. Grodotzki, A. Selvaggio, A. E. Tekkaya, in Proc. of the 48th SEFI
1287/msom.2021.1070 Annual Conf. (Eds: ]. van der Veen et al.), European Society for
[26] K. Komp-Leukkunen, A. Poli, T. Hellevik, K. Herlofson, Engineering Education SEFI 2020.
A. Heuer, R. Norum, P. E. Solem, J. Khan, V. Rantanen, [29] J. Grodotzki, B. T. Miiller, A. E. Tekkaya, in Smart Technolo-
A. Motel Klingebiel, J. Aging Social Change 2022, 12 (2), gies for a Sustainable Future: Proc. of the 2I°'Int. Conf. on Smart
37-59. DOI: https://doi.org/10.18848/2576-5310/cgp/v12i02/ Technologies ¢~ Education, Lecture Notes in Networks and Sys-
37-59 tems, Vol. 1027 (Eds: M. E. Auer, R. Langmann, D. May, K.
[27]  P. Brunkow, M. Hub, wt 2018, 108 (3), 162-168. DOL: https:// Roos), Springer Nature, Switzerland 2024.
doi.org/10.37544/1436-4980-2018-03-58 [30] M. Eberlein, Focus Project Metasuit, Zirich 2023. https://

Chem. Ing. Tech. 2024, 96, No. 11, 1475-1481

metasuit.ethz.ch/#0 (Accessed on June 06, 2023)

© 2024 The Author(s). Chemie Ingenieur Technik published by Wiley-VCH GmbH  www.cit-journal.com

85UB017 SUOWIWIOD BA11e81D) 3ol jdde ay) Aq peuenob ase ool VO 85N JO So|n. 10y Akeld1T8UIIUQ AB]1A UO (SUONIPUOD-PUR-SWSIALI0Y"AB| 1M Afe.d 1 jBul [Uo//Sdiy) SUORIPUOD pue swie 1 8y} 88S *[9202/20/0] uo Areiqiauljuo A|IM ‘PuUnWLOq 1eeySBAIuN aYasIUYDe L Aq £2TO0EZ0Z 8)19/200T OT/I0p/W00" A8 1M Aselq1jpuljuo//sdny woiy pepeojumod ‘TT ‘7202 ‘0v9zzesT


https://doi.org/10.1287/msom.2021.1070
https://doi.org/10.1287/msom.2021.1070
https://doi.org/10.18848/2576-5310/cgp/v12i02/37-59
https://doi.org/10.18848/2576-5310/cgp/v12i02/37-59
https://doi.org/10.37544/1436-4980-2018-03-58
https://doi.org/10.37544/1436-4980-2018-03-58
https://metasuit.ethz.ch/#0
https://metasuit.ethz.ch/#0
http://www.cit-journal.com

	Potential and Limits of Augmented Reality in Engineering Education and Industry 4.0
	1. Introduction
	2. Impulses from the KORESIL Project
	3. Looking Ahead
	4. Summary
	Acknowledgment
	Abbreviations
	References


