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Abstract

Digital twins are seen as one of the key technologies of Industry 4.0. Although many research groups
focus on digital twins and create meaningful outputs, the technology has not yet reached a broad ap-
plication in the industry. The main reasons for this imbalance are the complexity of the topic, the lack
of specialists, and the unawareness of the twin opportunities. The project "Digital Twin Academy" aims
to overcome these barriers by focusing on three actions: Building a digital twin community for discus-
sion and exchange, offering multi-stage training for various knowledge levels, and implementing real-
world use cases for deeper insights and guidance. In this work, we focus on creating a flexible learning
platform that allows the user to select a training path adjusted to personal knowledge and needs.
Therefore, a mix of basic and advanced modules is created and expanded by individual feedback op-
tions. The usage of personas supports the selection of the appropriate modules.
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1 Introduction

Real and virtual components are increasingly merging in the context of Industry 4.0. For example,
machines are not only planned digitally and evaluated using Virtual Reality, but processes are also
tested in advance using simulations and virtual commissioning. To realize these applications with a
benefit for the companies, digital twins play a significant role. Digital twins generally refer to a set of
adaptive models that emulate the behavior of a physical system in a virtual environment [1].

While the term digital twin is widely used and active research is being conducted on applications of
digital twins, the transfer of knowledge between research institutions, companies, vocational schools,
and courses is still limited. In order to strengthen this knowledge transfer, the Digital Twin Academy
(DTA) project was launched. The DTA aims to build up a community in the digital twin field, conduct
application-oriented research, and transfer knowledge to all interested people through a hybrid train-
ing program. The challenge is that the DTA target groups have a wide variety of prior knowledge and
experience. The training program must therefore be adaptable to individual requirements.

In order to achieve this individualization, a multi-pronged approach was adopted in the DTA (Picture
1). First, general knowledge on digital twins is introduced by basic online modules. The modules in-
clude, inter alia, information about the general idea of digital twins, implementation concepts, and
technical backgrounds. Afterward, the learners can proceed to the advanced online modules. These
are based upon actual use cases and highlight challenges and solution strategies for the implementa-
tion of digital twins. Finally, the participants have the chance to test their knowledge in projects at
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2 Digital Twin Academy: From Zero to Hero through individual learning experiences

universities or in companies. During the project implementation, they are supported by the experts of
the consortium. To meet the different requirements of the user groups, user profiles have been de-
fined. This allows particularly suitable courses to be highlighted and facilitates the user's selection.
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Picture 1: General learning procedure.

2 Background

2.1 Digital Twins

The idea of representing objects virtually and referring to the virtual representation of the physical
objects as "digital twins" was first introduced by M. Grieves [2]. Grieves suggested a digital twin archi-
tecture composed of 3 layers: a physical layer, a virtual layer, and the connection layer between them.
While the idea's core content stayed the same (i.e., representing important assets virtually), details of
its description have evolved and varied in focus and scope. Five-layer models [3], as well as six-layer
architectures [4], have evolved over the years to describe how a digital twin is built, expanding on the
classical three-layer architecture to include services, data, and a focus on the flow of data from physi-
cal asset to the cloud [1]. In our projects, we use a digital twin architecture compatible with RAMI4.0
[5] to describe the virtualization of assets through digital twins using commonly used Industry4.0
terms. The model distinguishes between the type and the instance of an asset to further zoom into the
data source. The data flow from the asset to the virtual domain and beyond is described by the Layers
Axis included originally in RAMI4.0. The model introduces a data pool in which data is transformed
into information and made ready for consumption through the application or other digital twins.

2.2 Knowledge Transfer

Acquiring new skills usually follows the 70:20:10 rule: 70% of the learning is done with hands-on prac-
tice and experience, 20% is done through working with colleagues and feedback, and 10% is done
through reading. [6, 7] For this reason, the courses developed aim to be as interactive as possible, of-
fering practical sessions whenever considered feasible. Because the program seeks to support compa-
nies in keeping a high level of competitiveness directly, a transparent knowledge transfer between
academia and industry is established. This knowledge sharing should reduce the duplication of search
efforts [8] and avoid the commonly identified restrictions arising from the commercialization of sci-
entific research [8].
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Digital Twin Academy: From Zero to Hero through individual learning experiences 3

3 Concept

The training program should support companies in implementing their own digital twins. Therefore,
it must fulfill several requirements:

— Accessibility to people from different backgrounds: Digital twins must be included in all processes
in the company, from the shop floor to the management. Thus, employees with different experi-
ences and educational backgrounds must be considered.

— Condensed information according to interest and needs: The learners have limited time to undergo
the digital twin training. Therefore, the information should be provided efficiently by offering se-
lection choices and by limiting the training time per topic.

— Practical relevance: After participating in the program, the participants should be able to under-
stand and conduct digital twin projects. Therefore, the required basic knowledge, as well as exem-
plary implementation pathways, must be included.

In order to fulfill these requirements, a general learning path was defined. First, the participants gain
fundamental knowledge using online learning modules. Second, they can proceed to the advanced
learning modules, which explain real projects on digital twins. Third, they apply their knowledge to a
project at a university, a company, or at home.
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Picture 2: Concept for the usage of the learning material.
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4 Digital Twin Academy: From Zero to Hero through individual learning experiences

3.1 Creation of Learning Material

A consortium of experts from the field of digital twins should produce the learning material. In the
beginning, different aspects of digital twins should be collected based on literature and own experi-
ences. Next, the proposed fields should be discussed and adjusted in cooperation with industry repre-
sentatives to extract relevant topics. Afterward, basic modules of approximately two hours of learning
content should be developed, covering the general idea of digital twins, suitable technologies for the
implementation of digital twins, and concepts to create and apply digital twins in different environ-
ments. Moreover, small exercises should allow the users to test their knowledge.

At the same time, use cases on digital twins should be conducted in industrial environments. From the
idea and concept to the implementation and test, the whole process should be documented. Based on
this, the advanced learning modules should be created showing exemplary ways to integrate digital
twins in industrial environments. Moreover, the modules should highlight potential challenges and
solutions which occurred during the project. This way, relevant strategies, and ideas should be trans-
ferred from the scientific partners to the industrial users of the advanced learning modules.

Practical tasks around digital twins should complement the learning modules. For students, different
practical tasks should be offered at the universities. For employees, small private online courses
(SPOCQ) tackling projects in the companies should be led by the consortium's experts. In both cases, the
participants should regularly present their ideas and progress and discuss them with their peers. This
feedback loop should enhance the results and allow an exchange between the participants.

3.2 Usage of Learning Material

The online modules should allow an individual learning speed according to the user's preferences.
However, current research indicates that the distributed studying technique allows students to mem-
orize content better over a longer period. [9, 10] Therefore, the suggested learning path should not
promote the mass reading of the material but recommend using the learning material over a more
extended period with short breaks, e.g., by executing one learning module per four days [11] and by
rereading main aspects of previous modules.

3.2.1 Online Modules

The learning modules will deal with different aspects of the digital twin on several abstraction levels.
Thus, the learners must be able to access the modules according to their interests and knowledge. In
order to ease the access to the learning modules, three different options are planned

1. Selection of modules according to topics,
2. Choice of modules according to user profiles,
3. Individual selection from a list of all modules.

Keywords should be specified for each module to allow a categorization. The persona method [12]
shoud evaluate relevant aspects of the different user groups and identify suitable learning modules.
Therefore, a process to create, test, and use personas are defined (Picture 3). This approach allows
particularly appropriate courses to be highlighted and facilitates the user's selection. Bachelor stu-
dents or trainees, for example, are offered practical modules that do not require any prior knowledge.
Master's students or technical managers, on the other hand, gain direct insight into the current state
of research, for example, by being introduced to concepts of digital twins.
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Picture 3: Process for personas based on [12].

3.2.2 Practical Tasks

Practical tasks should allow the participants to use the obtained knowledge of the online modules in
their own context. Different learning activities should be planned for students, which enable them to
create, implement, and evaluate small-scale digital twin applications. Compared to the online modules,
these activities should include a hands-on experience and a face-to-face meeting with the student
groups. This approach also allows the usage of software and hardware at the universities.

For employees, SPOCs are planned by the experts in the consortium. The topic areas of the SPOCs
should be defined in advance that the companies can register for relevant courses. Afterward, the
registered participants are divided into small groups of five people [13] to allow an intense exchange
during the project runtime. In these groups, participants with a similar background, such as techni-
cians, developers, and managers, should be matched to adjust the SPOC to the participant's needs. In
the beginning, the participants should receive a short introduction to the topic and the possible tools
for implementation. Afterward, the group meets regularly to discuss the progress and collect infor-
mation and feedback.

4 Implementation

The learning concept is currently implemented in the "Digital Twin Academy" project by a consortium
of nine partners from Germany, Belgium, and the Netherlands. Therefore, not all elements of the learn-
ing concept (Picture 2) are already developed.

4.1 Content Selection

Initially, the consortium identified their expert areas as the basis for the developments and the the-
matic responsibilities. The areas included manufacturing, factory management, smart energy, and
traffic. The consortium decided to provide basic learning modules focusing on

- introductions into the topic of digital twins from different perspectives;

- exemplary demonstrations of digital twin possibilities;

- concepts required to design digital twin applications;

- technologies to implement digital twin applications.
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6 Digital Twin Academy: From Zero to Hero through individual learning experiences

Afterward, possible topics for the basic modules were proposed, discussed, and selected. The focus of
the SPOC was chosen by each expert individually as the expert must supervise the participants inten-
sively. In contrast to the basic modules, the advanced modules as well as the problem-based learning
activities could not be chosen freely but built upon the industrial use cases.

4.2 Creation Process

4.2.1 Basic Modules

The basic modules are implemented as two-hour online modules, whereby the learning modules can
be selected independently of one another. The modules consist of texts, pictures, videos, and self-as-
sessment activities. Moreover, a conclusion chapter and a download of the most critical aspects of each
module are included to allow the users to remember and reread. The included videos were limited to
a maximum duration of seven minutes to reduce students' cognitive load[14]. All basic modules will
be provided on an edX learning platform [15].

4.2.2 Practical Tasks for Students

The practical tasks are developed using the hardware and software resources at the different univer-
sities. Therefore, the practical tasks are tested initially with students of existing courses to execute a
first feedback and improvement cycle. Afterward, the course material is offered to all interested par-
ties who possess the required materials. At FH Aachen, a tutorial and exercise for virtual commission-
ing applications using digital twins were developed. The course module consists of theoretical parts,
which can be executed without software access, and practical parts, which require the usage of par-
ticular software. The content is provided on a website, which allows easy adjustments and interactive
designs.
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Picture 4: Example of a problem-based learning activity for students at FH Aachen.
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4.3 Usage of Learning Material

For the selection of the modules according to the individual interest, a multi-answer questionnaire of
the following format was chosen:
I am interested in learning about digital twins, specifically
- the main concept
- The design part such as...
- The technical part such as...
Moreover, different user profiles (personas) were defined based on the current affiliation and the

background:
Current affiliation
- Student
o High School
o Bachelor
o Final year of Bachelor or Master
o PhD
- Employee
o Technician
o Developer
o Manager
o Work seeker
Background

- Technical area (manufacturing, engineering, science, etc.)

- Economic area (accounting, business administration, etc.)

- Other
Afterward, the personas were described according to their background, learning process, reasons for
the usage of the training program, and relevant modules. Two examples of persona descriptions are
shown in Table 1 and Table 2. Moreover, similar requirements regarding the modules were matched
to reduce the number of module categories in the background. This process resulted in four categories
to which the modules were assigned (Table 3). However, it must be noted that the current status of
persona descriptions and the aggregation of the different personas to define categories was not yet
tested. Therefore, updates and changes might occur in the future.

Table 1: Exemplary persona description for students.

Student - Master (technical area) / Bachelor in final year (technical area) / PhD

Background Previous technical knowledge
Used to self-learning activities

Learning process Can work on problems independently

Can find necessary/ missing knowledge on his own

Likes to find own solutions

Practical tasks for better understanding and higher interest

Reasons/ motivation for usage Mandatory activity for their study program
Increase knowledge for application process/ future job opportunities

Type of modules In-depth modules which require previous technical knowledge such as
cad or programming
Modules explaining conceptual backgrounds
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8 Digital Twin Academy: From Zero to Hero through individual learning experiences

Table 2: Exemplary persona description for employees.

Employee - Technician

Background Practical technical knowledge

Learning process Focus on practical applications
Hands-on experiences

Reasons/ motivation for usage Proposal from employer
Increase knowledge for application process/ future job opportunities

Type of modules Introductory modules with relation to real productions
Hands-on modules with a focus on practical applications

Table 3: Aggregation of personas into categories to reduce the number of required user profiles.

Categories Persona

Category 1 Student — High School
Student — Bachelor (technical or non-technical area)
Work Seeker — No Technical Background (Retraining)

Category 2 Student — Master (technical area) / Bachelor in final year (technical area)
/ PhD
Employee - Technical Development or Technical Management

Category 3 Student - Master (non-technical area)
Employee - Management

Category 4 Employee - Technician
Work Seeker — Technical Background

5 Conclusion and Outlook

Digital Twins are seen as one of the main technologies to pursue the goals of Industry 4.0. However,
there is a gap between the technological possibilities identified in research projects and the companies'
knowledge about practical benefits and implementation strategies. Moreover, specialists are missing
who can understand, plan, and implement digital twin applications in the industry. To close this gap
between academia and industry, the project "Digital Twin Academy" was introduced. It aims to con-
nect experts and the industry by forming a close network, training students and employees according
to their individual needs, and developing exemplary use cases to understand digital twins better. For
the learning program, the different backgrounds and experiences of the participants must be consid-
ered. Therefore, the approach is divided into basic modules, advanced modules, and practical tasks. A
selection tool identifies relevant learning modules according to the personal background and the in-
terest of the user. Basic modules present the current state of the art and introduce the required
knowledge to understand practical applications. Subsequently, advanced modules can be selected de-
pending on the area of interest. These contain field reports on real-life applications and provide an
insight into procedures and challenges. Parallel to the advanced learning modules, practical activities
take place within the framework of internships at the universities, work on company-specific issues,
or small-scale implementations at home.

Since the application-oriented, advanced modules are created in cooperation between companies and
research institutions, knowledge about challenges, implementation strategies, and solutions can be
conveyed directly to the students and employees. The use of practical activities in small groups also
challenges creativity and solution-orientation. The first test phase of the developed concept is cur-
rently running at universities in Germany, Belgium, and the Netherlands.

Open Access. © 2022 Jessica Ulmer, Youssef Mostafa, Jérg Wollert
This work is licensed under the Creative Commons Attribution 4.0 License. + [{=/ il



Digital Twin Academy: From Zero to Hero through individual learning experiences 9

6 Literature

(1]

(2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Semeraro, C, Lezoche, M., Panetto, H. u. Dassisti, M.: Digital twin paradigm: A systematic litera-
ture review. Computers in Industry 130 (2021), S. 103469

Grieves, M.: Digital Twin: Manufacturing Excellence through Virtual Factory Replication (2014)
Tao, F., Zhang, M., Liu, Y. u. Nee, A.: Digital twin driven prognostics and health management for
complex equipment. CIRP Annals 67 (2018) 1, S. 169-172

Redelinghuys, A., Basson, A. u. Kruger, K.: A Six-Layer Digital Twin Architecture for a Manufac-
turing Cell. In: Borangiu, T., Trentesaux, D., Thomas, A. u. Cavalieri, S. (Hrsg.): Service Orienta-
tion in Holonic and Multi-Agent Manufacturing. Studies in Computational Intelligence. Cham:
Springer International Publishing 2019, S. 412-423

Braun, S., Mostafa, Y., Ulmer, J., Cheng, C.-T., Dowey, S. u. Wollert, J.: Agents-as-a-Service - a novel
approach to on-premise digital twins. 2020 IEEE 16th International Conference on Intelligent
Computer Communication and Processing (ICCP) 2021

Lombardo, M. M. u. Eichinger, R. W.: The career architect development planner. An expert sys-
tem offering 103 research-based and experience-tested development plans and coaching tips for
learners, managers, mentors and feedback givers. S.L.: Lominger Limited 2006

Ackermann, B., Krancher, O., North, K., Schildknecht, K. u. Schorta, S.: Erfolgreicher Wissens-
transfer in agilen Organisationen. Hintergrund — Methodik - Praxisbeispiele. Wiesbaden, Hei-
delberg: Springer Gabler 2020

Gerbin, A. u. Drnovsek, M.: Knowledge-sharing restrictions in the life sciences: personal and
context-specific factors in academia-industry knowledge transfer. Journal of Knowledge Man-
agement 24 (2020) 7, S. 1533-1557

Fini, A. A. S., Zainalipour, H. u. Mozafari, S. H.: Comparing the effect of mass and distributed
study techniques on remembering level and its relation with the exam date. Procedia - Social
and Behavioral Sciences 5 (2010), S. 1751-1759

Arthur, W, Day, E. A,, Villado, A. J., Boatman, P. R., Kowollik, V., Bennett, W. u. Bhupatkar, A.:
The Effect of Distributed Practice on Immediate Posttraining, and Long-Term Performance on a
Complex Command-and-Control Simulation Task. Human Performance 23 (2010) 5, S. 428-445
Verkoeijen, P. P. . L., Rikers, R. M. ]. P. u. Ozsoy, B.: Distributed rereading can hurt the spacing
effect in text memory. Applied Cognitive Psychology 22 (2008) 5, S. 685-695

Nielsen, L.: Personas - User Focused Design. SpringerLink Biicher. London: Springer London
2019

Abu Seileek, A. F.: The effect of computer-assisted cooperative learning methods and group size
on the EFL learners' achievement in communication skills. Computers & Education 58 (2012) 1,
S. 231-239

AFIFY, M. K.: EFFECT OF INTERACTIVE VIDEO LENGTH WITHIN E-LEARNING ENVIRONMENTS
ON COGNITIVE LOAD, COGNITIVE ACHIEVEMENT AND RETENTION OF LEARNING. Turkish
Online Journal of Distance Education (2020), S. 68-89

Open edX. The Center for Reimagining Learning, Inc. 2021

Open Access. © 2022 Jessica Ulmer, Youssef Mostafa, Jérg Wollert
This work is licensed under the Creative Commons Attribution 4.0 License. + [{=/ il



