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Abstract: More than ever companies find themselves in a dynamic market with turbulent conditions, 
technological change and increasing competition. Sustainable industrial enterprises have recognized that the 
development of employee skills is a key success factor for manufacturing companies. However, it is not the 
easiest to address this topic with the help of a suitable learning environment. Especially in view of the 
projected shortages and the lag of qualified young people, it is important to develop the existing staff. Thus, 
sustainable and innovative learning environments need to be created to mediate the knowledge, qualifications 
and the necessary skills. An adequate and consistent concept reflects the advanced Learning Factory (aLF) 
and is presented in this paper. As part of the Experiment and Digital Factory (EDF) at the Department of 
Factory Planning and Factory Management of Chemnitz University of Technology, the concept of aLF 
provides an innovative learning environment to empower efficient and modular based transfer of knowledge 
directly into the user environment. It allows the configuration of various industry-related applications driven 
by the fields of action out of for example megatrends and research results. By integrating participatory and 
professional cross-field knowledge modules due to appropriate scaffolding in a model factory, thus an 
innovative learning environment for teaching, research and industry can be created. The paper takes the 
challenge of demographic change as starting point in order to review recent developments in the field of 
learning factories and the concept of the aLF. 
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1. Introduction 

The rapid development of technology-leading countries 
brings many advantages in societal development. But the 
speed also poses risks. Manufacturing companies have to 
face a tough competition, which finally leads in a battle of 
the development of efficient products, processes and 
resources. However, the focus is often placed on the 
technologies and processes in the value. The employee is 
too often neglected as an authoritative resource. But at 
this point there are large deficits in the handling of trends 
such as the demographic development, the handling of 
complexity or the need of flexible employees with a broad 
spectrum of competence. Particularly in regard to the 
development of methods and tools in the fourth industrial 
revolution, the employee must be considered as a central 
link between process and resource in the value and 
surrounding activities. It is difficult for the small and 
medium-sized enterprises to organize themselves to meet 
the developments in competition due to ensure the 
spectrum of competence, capabilities as well as skills. 
Above all, this constellation has developed a fundamental 
activism to encounter the problem due to political and 
research-sided endeavors in the recent years. Primarily 
opportunities should be created for education and training 
of existing employees and future young professionals. 
This is reflected in learning environments and concepts 
which promotes the challenge of demand-oriented 
development of employees. A key focus is the design of 
learning systems with the alignment on social, political, 

technological, environmental and economic sustainability. 
All of these factors, the general trend towards a 
knowledge society, the demands for appropriate systems 
to ensure the employability of employees and the 
encounter of demographic development lead to the 
aspiration to create demand oriented learning 
environments.  

With this article the methodological contribution of an 
advanced Learning Factory (aLF) is shown. It focuses on 
modular and use case based situated learning in a real-
digital learning environment, which are inheres by suitable 
scaffolding and the use of procedural artifacts in the 
group learning process (Hoidn, 2007; Dubs, 1999). With 
the testing of the holistic concept through the integration 
of modules for training of energy efficiency measures in 
the factory planning and management, the descriptive 
models of the aLF are evaluated and found great 
acceptance among the participants. First, however, the 
employee is to be represented as potential carrier for the 
encounter of the challenges described. 

2. The human factor as high-potential 

To encounter the various technological, political or social 
challenges in the manufacturing companies, it is crucial to 
include the human factor in the design of new methods 
and concepts. The employee is a key function for the 
implementation of the needed actions in view of the 
influences to increase flexibility and adaptability, 
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implementation of new concepts and methods from the 
industry 4.0 and to handle increasingly complex processes 
(Dombrowski & Wagner, 2014). The classical education in 
a defined scope sometimes no longer covers the 
requirements of the modern areas of responsibility. A 
broad range of skills is necessary and the participation of 
the employees to design the future-proof production 
systems is essential (Dombrowski & Wagner, 2014). But 
this results in significant problems in the competence 
profiling and the acceptance of the employees. Those 
have to be extended and an active atmosphere of 
participation must be created. However, this also means 
that existing methods and expertise must be secured in 
accordance with the consideration of the approach of 
action competence.  

The German standing conference of the ministers of 
education and cultural affairs (KMK) defines this action 
competence as the willingness and ability of individuals to 
behave appropriately, thoughtful, individually and socially 
responsible in professional, social and personal contexts 
(KMK, 2011, p. 10). According to this definition it is not 
only important to strengthen the expertise to act, it is to 
improve the social and reflexive competencies of the 
individual. This is essential in view of the social structure 
in a company, especially in project teams in which 
decisions and processes only comes into existence with 
the adjoining structures. The employee thus takes its place 
in the structure of the human-technology-organization 
approach (in German MTO).  

With the inclusion of the demographic change there is a 
development which is not only contrary viewed with 
concern by the politics, but also the companies themselves 
dealing more and more with this topic. There are two 
basic options for action to counter this. Firstly, to acquire 
new professionals due to an attractive HR management, 
on the other possibilities must be created which secure 
and strengthen the personal employability of employees, 
for example by further training and education. With the 
approach of the Employability the working capacity of 
potential and existing employees is pursued, which in its 
flexible competency profiling ensures competition specific 
human factor (Speck, 2004). The activities of the 
employability approach are composed of two different 
dimensions of action. On the one hand, the individual 
must continuously meet the demand job market by the 
expansion of its own competence profile, because this 
does not end with the vocational training or study. There 
needs to be a consistently process of self-organized 
learning and self-directed acquisition of skills 
(Deutschmann, et al., 2003). On the other hand, it is also 
incumbent on companies to their employees to provide 
the opportunity to acquire new knowledge and thus also 
the skills in the work process. 

However, it is mostly the problem that the companies 
cannot provide the necessary expertise and the 
appropriate learning environment. For this, external 
institutions which meet the requirements in off-the-job or 
near-the-job activities are used with increasing demand. 
The quality of the transfer of new knowledge is usually 
not secured by conventional seminars in tenor of a frontal 

seminar, but requires new teaching methods and 
innovative learning environments in order to cover the 
broad spectrum of design and operation of production 
systems. A new approach is presented by the installation 
of learning factories, which enables an effective transfer 
by critically reflexive alignments of the learning content. 
In the following the approach of the aLF is illustrated in 
terms of a holistic concept for design and implementation 
of a learning factory. 

3. Learning factories as effective transfer tools 

Many didactic models have been established in the field of 
adult education, which have influenced from the historical 
development of the social sciences. These can be classified 
into different dimensions of reference to the working 
system (see Figure 1). 

„on the job“  

learning at 

own

workplace

„near the job“  

learning in work system own learning environments

„off  the job“  

learning in external institutions

„into the job“  

preparatory learning and

qualification

„out of the job“  

actions to retirement

preparation

„along the job“  

career planning

 

Figure 1: Places of learning in relation to the working 
system, based on (Herrmann, 2013; Mentzel, 2012) 

In regard to an appropriate educational use and to ensure 
effective transfer of knowledge from external institutions 
in the company it is essential to create a learning 
environment that links components and processes out of 
the reality system into a real-digital model factory. 
Effective in this context means the information on new 
methods and tools for a multidimensional (planning, 
interaction, act, reflection) and solution-oriented approach 
needs to be taught (Hoidn, 2007). Related to the planning 
and operating of production systems, learning factories 
have evolved intensively in recent years. However, the 
understanding of the term, the content and 
implementation are pronounced differently and mostly 
pursue only specific applications within the trend-oriented 
fields of action (for example lean management, energy 
efficiency or assembly systems). These are not yet 
methodologically founded and deposited with holistic 
approaches. Furthermore, the range of applications is 
structural strongly limited by the rigid content. 

Out of this overarching research problem the Department 
of Factory Planning and Factory Management of the 
Chemnitz University of Technology develops the concept 
of advanced Learning Factory (aLF), which takes up the 
consideration of aspects of didactics, methodology, 
content, design and modularity in different use cases. This 
is explained in more detail below. 

4. Holistic concept of the advanced Learning Factory 

The concept of advanced Learning Factory (aLF) is 
understood as a descriptive model, which considers the 
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learning factory as a product in its own life cycle. In this 
the structure, content and physical design of the learning 
environment and learning modules as well as the needs-
oriented integration morphology are considered. The 
quality standard of the training is guaranteed with the 
integration of the framework of the ISO 29990. Based on 
this approach the model description is divided into further 
sub-models which describe the different perspectives on 
the structure and operation of the learning factory. The 
figure 2 represents the general framework of the concept. 
In these the individual sub-models are arranged.  
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Figure 2: Descriptive models of the aLF in the regulatory 
framework 

The structural model for the generation of the aLF 
concept is described and constituted by four central 
questions. These result from the analysis and triangulation 
of theories in the meta-theoretical field of social sciences, 
the object theoretical range of theories on learning 
environments in adult education and the in-depth review 
of existing learning factories (in the broadest sense) in the 
national and international context. From this investigation 
core questions have derived, which are answered by the 
partial models in the regulatory framework. 

How are the individual knowledge-components for need-
oriented set formation derived, modularized and user-
based integrated? 

What physical and digital objects and methods must be 
implemented into the learning environment in order to 
effectively perform the modules in the learning process? 

What didactic objects and methods are suitable for the 
effective transfer of new knowledge into the user 
environment? 

What human attributes need to be addressed and how is 
the aLF classified into the overall process of the learning 
process?  

With this orientation of content the regulatory framework 
was set up and the other partial models to design, 
integration and quality assurance are integrated. Core of 
the overall concept is the design model and will be shown 
in more detail below. 

Design procedure of the application, object and 
methods range  

The design model describes the methodology for the 
physical and content structure of the learning 
environment, the didactic approach and the relationships 

between the individual components in the transfer 
process. For the generation of the learning environment, 
in an 8-step procedure the content, structure and adjacent 
objects and methods are determined (see Figure 3). 

Step 1 

Profiling of the existing 
learning environment

Step 2 

Derivation of the use cases 
from the fields of action

Step 3 

Derivation of the learning 
modules

Step 4 

Formation and matching 
with the competence profile 
of the learning environment

Step 5

Structure of the 
competence profile of the 

target groups

Step 6 

Configuration and 
parameterization of the 

learning modules

Step 7 

Design of the learning 
environment

Step 8 

Integration into the 
existing learning 

environment

 

Figure 3: The 8-step procedure for the design of the 
learning environment 

The content module formation (stage 1-3) is based on the 
approach in the learning field concept according to Bader 
(Bader & Shepherd, 1998). In the concept of the aLF, the 
fields of action are described out of the application 
complexes, which are derived from the research, industrial 
and socially significant trends and developments. The 
need of the preferably SME´s forms the reference point 
for the mostly top-down based generation of application-
complexes. The cases of application (use cases) are 
derived from the fields of action and summarize complex 
activities and tasks. These can be clearly distinguished by 
the respective agency experts, from studies and evaluation 
results as well as tertiary information. Ultimately, out the 
thematically defined use cases, with the balance of own 
competence profiling, the learning modules will be 
derived (step 4). From the resulting target formulation of 
the learning modules corresponding target groups can be 
defined and linked with the necessary skills profile 
requirements (stage 5). In the comparison of the 
competences and the necessary learning modules in the 
applications cases, the modules content and structure are 
designed as well as parameterized (stage 6). The 
parameters are derived from the model for the 
modularization of information blocks in the project 
management according to Oehme (Oehme, et al., 2014). 
This describes the holistic parameterization and needs-
based reuse of modular components in the project 
documentation (Oehme et al., 2014). The necessary 
methods and objects (real and digital) are used as input 
variables for the design of physically-real and digital 
learning factory in the overall concept (stage 7-8). Similar 
to the process of product development a completely 
integrated and modular learning environment for the 
need-oriented training is generated. 

Didactical mediation process of content for the 
competence acquisition 

With the aim to increase action competences of 
employees in manufacturing companies, appropriate 
teaching practices and methods must be chosen which 
places the learner in the process of action with the 
physical learning environment. The action control stages 
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according to Hacker (Hacker, 2009), the motivation 
regulation of actions according to Heckhausen 
(Heckhausen & Heckhausen, 2010) and the recognized 
learning process model of double-loop learning according 
to Argyris and Schön (Argyris & Schön, 1978) are 
essential theories which the didactic model of aLF based 
on. 

In the deeply research these and other theories have 
revealed large intersections with respect to the procedure 
for effective learning in a scaffolding real learning 
environment. Furthermore, three key parameters are 
identified which are the actuating variables for the success 
of the activities in relation to the learners. It is the 
knowledge, experience and motivation (K-E-M). It means 
that the knowledge is a prerequisite for obtaining new 
knowledge. In connection with the gained experience of 
the working environment and professional career, 
approaches and points of interaction can be created in the 
learners group. But key parameter for the efficiency of the 
training measure is the motivation. It is less extrinsic 
motivation but above all the intrinsic motivation. If the 
learner’s intrinsic motivation to gain experiences and 
internalize new knowledge is activated, the transfer 
process to increase knowledge and enhance the action 
competence is fundamentally given and can be controlled 
by the teacher. 
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Figure 4: Interaction oriented learning process of the aLF 

The learner decides with the proper motivation and his 
foreknowledge over the action and starts planning. He is 
in direct, communicative and physical interaction with 
itself, its environment and the other participants. He 
reflects his action in terms of the expected action results 
and processes the experience. Thus, it can initiate further 
actions or the learning process will be terminated. In best 
case this iterative process links the new knowledge with 
the old, experience are gained and the motivation to 
transfer the new knowledge and experiences into the 
employee’s environment is stimulated. 

Accordingly, in the aLF an empowerment didactic is 
intended which forces the reflexive self-education through 
transitive intended trainings. A holistic learning process is 
initiated by the controlled introduction of new knowledge, 
problem-oriented interaction with the group and the 

artifacts of the learning environment as well as the 
motivational stimulus of cognitive knowledge 
construction is (see Figure 5). 

Use Case

K-E-M

Objective

cognitive-constructive

-scaffolding-

socio-constructive

-controlling-

advanced Learning 
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(z.B. Company)
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transitive intended-education

reflexive self-

education

Group processes of 

problem solving (TCI)

„design" and

„empowerment"

self-organized and

situated learning

„implementation“

Use Case‘

K-E-M‘

Objective‘

 

Figure 5: Transfer process due to empowering of reflexive 
self-education 

The transfer model should ensure that the knowledge 
acquired is suitable for the company. As described in 
advance, the task of the aLF lies in the empowering to 
increase the action competence. This effectively happens 
in the implementation, repetition and feedback in the 
work system itself. Therefore, suitable conditions must be 
created by the company. To support the continuous 
improvement of the didactic, content and structural 
alignment of the learning factory as well as the evaluation 
of the effectiveness of the training, the effects can be 
measured at defined quality gates. Basically, the learning 
process is divided into 3 phases (see Figure 6). The pre-
action, action and post-action phase. Those relate to the 
time of conducting the training in the learning factory. 
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Figure 6: The 3-phase evaluation process cycle 

Methods like questioning, observation, target agreement 
and reflection are preferably used in this process of 
transfer-securing. Thus, with the comparison to the target 
agreement before the training and the transfer effect after 
it, quantitative data and qualitative conclusions can be 
utilized in. The documents and procedures are strictly 
designed according to three parameters for the detection 
of K-E-M. This provides a comparison of the input and 
output K-E-M.  

The integration model illustrates how the learning 
modules from the design of the learning factory will be 
integrated into the overall process of the learning module-
set formation. Due to the mapping of the possible fields 
of action and derived application cases for training, variety 
of thematically learning modules are formed. These are 
summarized in the entirety by creating a comprehensive 
module-handbook (MH). For the problem-oriented and 
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demand-oriented development, it is now important to 
select the appropriate learning modules. This is done via 
the standard description and parameterization of the 
modules. As already described, each learning module has 
its structure, respective content and defined parameters. 
These based on the model according to Oehme and are 
divided into (Oehme et al., 2014) 

coupling (guidelines for combination)  

comparison (classification of different procedures) 

shaping (selection of elements) 

application (object and methods affiliation). 

The MH is gradually narrowed by the parameters of the 
modules to get to the action-oriented training and in the 
end the required units are shown. Further, the training is 
compiled and can be configured. Following the general 
procedure in figure 7, all three areas according to K-E-M 
have to be included and accompanied by the teacher 
through the moderation in the execution. 

1. 

Welcome + 
Introduction + 

Expiry

2. 

Expectations of
the participants

3. 

Initiate interaction
and creativity

4.

Activate intrinsic 
motivation and use 

case relation

5. 

Mediate explicit 
knowledge

6. 

Create interfaces to 
real work process + 

reflect

7.

Plan and execute 
in physical 

environment

8. 

Evaluate results

9. 

Reflect interaction
results and input

10. 

Summary and
moderated
discussion

11. 

Target agreement
and conclusion

Figure 7: Standardized procedure for support of reflexive 
self-education 

The moderation of the teacher is generally understood as 
a process of mediation of interactions of the individual (I) 
and the group (We) with the learning environment 
(Globe) in the given problem (It). The basis for the model 
is the systemic-constructivist pedagogy of the social 
science meta-theory which describes the subject in a 
system with its environment relationship. The 
demonstrated methodology of theme-centered interaction 
is built on the four elements I-We-It-Globe. The It 
reflects the content of the topic, application or task. The 
We describe the interaction structure of the group 
participants. The I is set to the perspective of the 
individual in a group, which has a current motivation, 
emotional state, social history and experience (Ewert, 
2008). These three elements are located in the context of 
the Globe, which reflects the situation, influencing factors 
of the system and environment, among others 
organizational and structural conditions. All these 
elements must be in balance in order to ensure the 
effective transfer. The focus is continually placed on one 
of the elements in the actional phase of the group process 
in order to maintain that balance of the triangle. The 
necessary control actions are performed by the teaching 
staff. 

The briefly shown model of advanced Learning Factory 
has been evaluated in various trainings in the 
Experimental and Digital Factory (EDF) of the TU 
Chemnitz. Further on, some findings will be presented. 

5. First results of the evaluation 

The Department of Factory Planning and Factory 
Management has been established in recent years by 
several research activities especially in the field of action 
for energy efficiency and ecology of plant systems. From 
this field of application cases were generated and learning 
modules derived which are potentially interesting for 
companies. The modules resulting from the approach 
already described. For the selected use case "Planning and 
operating of energy-efficient factories" out of the field of 
action energy efficiency, the needed module are selected 
from the MH and merged into a training workflow. The 
training was carried out with different user groups. These 
were compiled heterogeneous and homogeneous. 
Homogeneous in each case coming from the same 
company and in the heterogeneously case they came from 
various SME's. The training based on a defined sequence 
as well as compiled modularly according to customer 
requirements. With the workflow process shown in figure 
7 the training was carried out and the new experience-
oriented knowledge was mediated due to theoretical 
sessions and practical work at the learning stations in the 
EDF. According to the respective fields K-E-M the 
current situations have been evaluated at the provided 
quality gates. Currently, the transfer effect is evaluated in 
the post actional phase. 

The age structure is mixed with the strongest 
pronunciation in the age of 30-35 and 45-50 years. Among 
the younger employees, it can be assumed that the fresh 
knowledge of their professional training even outweighs. 
The 35-45 years are mostly in the zenith of the career in 
which further training temporally are not acceptable. On 
average, 61% of participants have a non-conductive, 29% 
a group executive management function and 10% higher 
management positions. The male proportion was 90%. In 
the experience of already-made trainings, 59% said they 
made good to very good experiences. The other 
questioned the transfer success. 

With the question of the most effective methods of 
knowledge transfer and a scale of 1 (very good) to 6 (very 
bad), the learning factory (1.7), the discussion (1.74) and 
the simulation (2.24) were judged very effective. The 
methods of e-learning (3.11), blended learning (2.78), 
private lessons (2.78) and self-teaching (2.77) were the 
worst. 

For the evaluation of the training among others an 
evaluation was carried out due to an external service 
provider from an automobile OEM. The modularized 
training in the learning factory was taken into account 
with a sample average of 175 participants in various 
trainings. The evaluation took place in the categories 
content, professionalism, knowledge, methodology, 
networking and benefits. In the average viewing on all 
categories the training has exceeded significantly positive 
and was declared as recommendable. The internal 
evaluations show a very positive transfer feedback which 
is composed of the components of the expert’s 
observation, survey and reflected discussion. The expert’s 
observations in the practical part of the training found out 
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that the new knowledge has been linked very quickly with 
the experiences through the targeted reflection questions. 
Thus, in the interaction of the group with their learning 
environment new ideas and approaches for real working 
system were established. With a recommendation of 
96.7%, the measure is very highly rated. This can be 
attributed to the modular and customized alignment and 
design as well as the standardized implementation. The 
participants were empowered to transfer new knowledge 
and develop their action competence. To make a 
statement about the effectiveness of the transfer into their 
real work processes the evaluation of the post actional 
phase is not yet finished. 

In the holistic consideration and implementation of the 
concept of the aLF it can be stated that the Learning 
Factory is an effective tool in the methodology of adult 
education according to the described procedure. 
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